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PREFACE. 



A 7EW words in explanation of the circumstances under 
which this volume is presented to the public, may not be 
unacceptable to the reader. It is now a little more than six 
years since the writer conceiyed the idea of erecting a great 
astronomical observatory in the city of Cincinnati. My 
attention had been for many ^ears directed to this subject, 
by the duties of the profesitorship, which I then held in the 
college. In attempting to commimicate the great truths of 
astronomy, there were no instruments at hand^ to confirm 
and fix the wonderful &ots recorded in the hooka. Up to 
that p^od our country, and the west particularly, had given 
but little attention to practical astronomy. A few individuals, 
with a zeal and ardour deserving of all praise, had struggled 
on to eminence almost without means or instruments. An 
isolated telescope was found here and there scattered through 
the country; but no regularly organized observatoiy with 
powerful instruments, existed within the limits of the United 
States, so far as I know. 

To attempt the building of an observatory of the first 
class, and to furnish it with instruments of the highest order, 
without any aid from the general or state government, but 
by the voluntary contribution of all classes of citizens, was 
an enterprise of no common difficulty. To ascertain whether 
any interest could be excited in the public mind, in favour of 
as&onomy, in the spring of 1842, a series of lectures was 
delivered in the hall of the Cincinnati College. To give .an 
increased effect to the discourses (which were imwritten, and 
in a style of great simplicity), a mechanical contrivance was 
prepared, by the aid of which the beautiful telescopic views 
m the heavens were presented to the audience, with a 
brilliancy and power scarcely inferior to that displayed by 
the most powerful telescopes. To this fortunate invention 
were these lectures, no doubt, principally indebted for the 
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iutereat which they produced, and which occasioned them to 
be attended by a very large number of the intelligent persona 
in the city. Encouraged by the large audiences, which con- 
tinued through two months to fill the lecture-room, and still 
more by the request to repeat the last lecture of the course 
in one of the great churches of the dty, I matured a plan 
for the building of an obserratoiy, which it was resolved 
should be presented to the audience at the close of the 
lecture, in case circumstances should favour. Through the 
kindness of a few Mends, who were new beginning to take a 
deep interest in the matter, more than two thousand persons 
were in attendance; and it seemed that the moment had 
arrived for taking the first «tep in an enterprise whose &te 
it was impossible to predict. 

Having closed the subject imder discussion, the audience 
were requested to give me a few minutes of time, for the 
e^lanation of a matter, which, it was hoped, would not be 
received without some feelings of interest and approbation. 
The rapid advances of asisxmomy in Europe, were then 
referred to — the erection of observatories in all parts of the 
world — ^the variety of magnificent instruments in Russia and 
Qermaay, in France and England, and the utter deficiency of 
our own country In eveiy thing pertaining to the science of 
the stars. Tho past neglect was easily accounted for, and 
might be excused; the future sdentmc character of the 
country rested with the people, and upon them devolved the 
responsibility for providmg the means of original research. 
In ESurope, imperud treasure and princely mimificence could 
build the temples of science; imder a iree government no 
such means existed, and to accomplish the erection of these 
great scientific institutions, the intelligent liberality of the 
whole conmranity was the only resource. Butithadbeen denied 
that this resource could be relied on ; and it had been roundly 
asaerted that, in the nature of things, the United States must 
ever remam grossly defective in all the appliances for scientific 
research. To test iAte truth or ialsehooa of these statements 
was not a difficult matter; and thus encouraged by the 
interest iflready manifested in behalf of astronomy, I had 
already resolved to devote Jhe years of faithful effort to 
accomplish the erection of a great astronomical observatory 
in the city <^ CHndnnati. 

Tiiis announcement was received with every XDAxk of &vour, 
and the following simple plan was at once presented. The 
entire amount required to erect the buildings and purchase 
the instrument, should be devided into shares of twenty-five 
dollars ; every shardiolder to be entitled to the privil^es ox 
ihe observatory, under i^e management of a board of control, 
to be elected by the shareholders: Before any subscription 
should become binding, the names of three hundred sub- 
scribers should be first obtained. This accomplished, these 
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fhr«6 himcbed ahould meet, orgpamze, and elect a board, who 
ahould thenceforth manage the affidrs of the aiaociatioii. 

Snch is the history of tiie origin of the Chidnnati Aatrono* 
mical Society. Two resolutions were taken in the outset, to 
which I am indebted for any success which mi^ have attended 
my own personal efforts. First : To work ftithfully for fiv€ 
yean, during all the leisure which could be spared from my 
jregular duties. Second : Never to be angryy under any 
provocation, while in the prosecution of this enterprise. 

In three weeks the three hundred subscribers had been 
obtained. No pubHe meeting had been called ; and these 
names had been proeured by private solicitation, and a personal 
explanation of we nature and advantages of the enterprise. 
So soon as the nimiber was complete, the subscribers convened, 
organized, elected officers and a directory, and gave me a 
commission to visit Europe, to procure instruments, examine 
observatories, and obtain the requisite knowledge to erect and 
conduct the institution which it was now hoped would be one 
day reared. 

This order being received, on the second day I started for 
New York, and on the 16th <^ Jime, 1842, sailed for Liver* 
pool. Having visited many of i^e best appointed observatories 
both in England and on the continent (in each and every on« 
of which I was received with a degree of kindness and attention 
for whidi I acknowledge the deepest obligations), and having 
been unsuccessful in finding, either in Lcmdon 'or Paris, an 
object-glass of the size requiined, I finally determined to visit 
the city of Munich. The fame of the optical institute of the 
celebrated Frauenhofsr had even reacned ihe banks of the 
Ohio ; and it was hoped -&at, in that great manu&etory, an 
instrument such as the society desired mi^t be obtained, if 
not completed, at least in such a state of forwazdness as to 
permit it to be famished at an early day. In Ihis I was not 
duappointed. An oliject-glass of nearly twelve inches diame- 
ter, and of superior finish, was found in the cabinet of M. 
Hertz, the successor of Frauenhofer. l^iis glass had been 
subjected to a severe trial in the tube of the great refractor of 
I2ie Hunich observatory, by Dr. Lamont, and had been pro^ 
nounced of the highest quality. 

To mount this glass would require about two years, at a 
eost of nearly ten thousand dollars ; a sum considerably 
greater than that appropriated at the tSme for an equatorial 
telescope. Having made a conditional arrangement for this 
and other instruments, I returned to Qreenwich, England, 
where, at the invitatum of Professor Aiiy, the Astronomer 
Royal, I remained for some time to stu(fy. Having accom- 
plished Ihe objects of my journey, I returned home, and ren- 
dered a report to a very lurge meeting of the menders of the 
association and other citizens of OindnnatL 

During my absence of four months, a great change had oc- 



curred in the commercial affiurs of the comitry. Eyery 
thing was depressed to the lowest pointy and increased in a 
high ratio the necessary difficulties of sock an undertaking ; 
always ffceeAi, even if carried forward at a time when &e 
coimtry is prosperous. 

With great difficulty the subscription was increased to an 
amount sufficient to warrant the ordering of the great object- 
glass already referred to* The sum of three thousand dollars 
was collected and remitted to meet the first payment. Even 
this fraction of the entire simi was collectea with difficulty ; 
but as the remaining part of the price of the telescope was 
not to be paid imtil the completion of the instrument, it was 
hoped that the ample time thus showed would render the 
ta^ of collection comparatively easy. 

The principal instrument having been ordered, and the firrt 
paym^it on its cost made, attention was now given to the pro- 
curing of a suitable site for the building, fortunately for the 
society, the place of all others most perfectly adapted to their 
wants, was then the property of Nicholas Longworth, Esqr. 
It is a lofty hill-top, rising some four hundred feet above the 
level of the city, and commanding a perfect horizon in all 
directions. On making known to Mr. Longworth the pros- 
pects and wants of the Astronomical Society, the writer was 
directed by him to select four ttcret on the hill-top, out of a 
tract of some twenty-five acres, and to proceed at once to en- 
close it, as it would give him a great pleasure to present it to 
the association. On compliance with the conditions of the 
title-bond, a deed has since been received, placing the society 
in full possession of this elegant position. 

Preparations were now made to commence the erection of 
the bmlding for the observatoiy. The grounds were enclosed^ 
a road built, rendering the access to the hill-top comparatively 
easy, the excavations of the foundations were made, and, on 
the 9th day of November, 1848, the comer-stone of the pier 
which was to sustain the great Refracting Telescope, wds 
laid by John Quincy Adams, with appropriate ceremonies. On 
this occasion Mr. Adams made his last great oration. The 
deep interest which he had taken in astronomical science, war- 
ranted the hope that he might be induced to visit the west, 
on the occasion of laying the foundation-stone of the first 
great popular observatoiy ever erected in the United States. 
This hope was not disappointed. The unaffected devotion of 
this truly great man to the interests of his country, were, per- 
haps, never more perfectly exhibited in his ready acquiescence 
to comply with the wishes of the astronomical sodely, that he 
should perform for them the important services on whi<^ the 
future success of this new enterprise in no small degree de- 
pended. His high character, his advanced age, the length of 
the journey, the inclemency of the season^ all combined to ex- 
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l^btt'to ilia fiotmtryaken the depth of his interest in a OMiw 
wMch oovld induce such sacrifices. 

After the laying of the corner-stone, tiie lateness of the 
season, and otiLer causes, indaced a snn>eDBion of the work 
on Hie building for ihe -winter; and it iv>as not resomied 
until May, 1844L In the mean time, after incredible dii&- 
enlty, the eniaace amount called for in Uie payment iSor 
the telescope^ was collected and remitted ; and the society 
was 1^ vnih scarcely a dollar of available means, to com- 
mence the erection of a buildmg, which, according to tfae 
plan, would cost some seyen or eight ttiousand doUaxs. 

It was believed that the intelligent medumics of Cincinnati) 
would lend their powerfiil aid in the accomplishment of an 
onterprise which had progressed &r enou^ to give some con- 
fidence in its ultimate success. With little or no means the 
building was commenced, trusting to activity end perseverance 
to supply the means as the work progressed. During the 
first week but three workmen were enmk>yod : but by the 
commenoement of the next week the fimds had been obtained 
to pay these, and to double their number. In six weeks not 
less than one hundred hands w^re at work on the hill-top and 
in tiie ci^. HJechanies of ail trades subscribed for eitodk, and 
paid their subseription in wori^. The i^one of which th« 
buihling is erected, was quarried from the grounds of the 
society. The lime was burnt on the hill, and every means 
was adopted to reduce the neoesaary espenditure. Payment 
for stock in the society was received in every possible article 
of trade ; due-bills were taken, and these were converted hito 
others which would serve in the payment of bills. 

in tin way the buiiding was reared, and finally covered in, 
without incurring any debt. But the conditions of tiie bond, 
by whidh the lot of ground was held, required the completion 
of the observatory in two years from its date ; and these two 
years would expire in June^ 1845. It was aeea to be im^>os- 
sihle to carry forward the building fast enough to escure its 
completion by the retjuired time, without incurring some 
debt. iCy own private resources were used, in the hope tiuit 
a short time after ih» finishing of the obswvatozy would be 
«nfficient to fiimish the funds to meet all engagements. The 
work was pushed rapidly finrward. In February, 1845, the 
great telescope safoly reached the cxfy of Cincinnati ; and in 
muNlb. the building was ready for its reception. I had now 
eihaiufted all my private means, and to increase the diffieuHjr 
<»f the position in whkh I was placed, the College edifice took 
fbte and burned to the ground. My ordinazy means of aup- 
port were thus destroyed at a single blow, I had engaged to 
conduct the observatory, without eompensation from the 
sociefy, for ten years, in the hope that my oollege salary 
would be suffident for my wants. It was impossible to 
A 2 
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abandon the observatory. The college could not be reboHt, 
at leaat for several jears, and in this emergency I found it 
necessary to seek some means of support^ least inconsistent 
with my duties in the observatory. My public lectures at 
home had been comparatively well received, and after much 
hesitation it was resolved to make an experiment elsewhere. 
For five years I had been pleading the cause of science among 
those little acquainted with its technical language. I had be- 
come habituated to the use of such terms as were easily im- 
derstood ; and probably to this drcumstance, more than to 
any other one uiing, am I indebted for anv success which 
may have attended mypubliclectures. To the citizens of Boston, 
Brooklyn^ New Tork^ and New Orleans^ for the kindness with 
which they were pleased to receive my imperfect efforts, 
I am deeply indebted. My lectures were never written, and 
no idea was entertained of publishing a course, until the par* 
tiality of my Mends induced me to attempt this experiment. 

Such are the circumstances under which this effort to trace 
the career of the mind, in its researdies among the stars, has 
been undertaken. No one sci^ice, perhaps, so perfectly 
illustrates the gradual growth and development of the powers 
of himian genius. , The movement of the mind has been con- 
stantly onward — ^It highest ^lergies have ever been called 
into requisition — and there never has been a time when 
astronomy did not present problems not only equal to all that 
man could do, but passing beyond the limits of his greatest 
intellectual vigour. Hence, in all ages and countries, the 
absolute strength of human genius may be measured by its 
reach to unfold the mysteries of the stars. 
. It will be seen that in the following lectures one single 
object has engaged the attention of tiie writer — the structure qf 
the ufUvene, to far at revealed 5y the mind of man. The uses 
of science have in no way been considered. The efforts on the 
mindy no society, no civilization, on commerce, no religion, 
have not been permitted to mar the unity of the original design. 
The onward, steady, tritunphant march of mind, in its study 
and exploration of the universe of Gk>d, has been my 
only object, the simple theme of the entire series. 

I may be pardoned for a simple word, before taking leave of 
the reader, touching the condition of our country with refer- 
ence to practical astronomy. Within a few years an entire 
revolution on this subject has occurred. The reproach which 
once rested on the United States has been removed. Several 
magnific^Eit instruments now adorn the observatories of the 
New World, and the contributions of American astronomers^ 
to science, are beginning to change the scientific charaeter of 
our counlay in the eyes of the old World. It is gratifymg to 
know that several institutions, with ample means of supfvort, 
now exist in our coimtry, to which the interests of American 
science are committed with entire confidence. The obser- 
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Tataries ait Washington, Cambridge, Philadel^^iia, and George- 
town, are amply proyided with instruments, and an efficient 
corps of obsOTYers are constantly occupied in their use. 

For a long time to come, one principal object will engage 
the instruments of the Cincinnati observatory, viz., the explo-- 
ration of the)ieaYens south of the equator, and the re-measure- 
ment of Stnrre's double stars in that region. Should this work 
progress but slowly, let it be remembered that the director of 
the observatory has no assistant, out of his own immediate 
&mily, and must devote a large portion of his time to other 
duties, far more closely allied to the earth than the stars. 



Cincinnati Obsbbyatort, } 

Mount Adams, May, 1848. ^ 
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INTRODUCTORY CHAPTER. 

AN EXPOSITION OF THE PROBLEM WHICH THE HEAVENS 
PBE8ENT FOR SOLUTION. 

The subject to which your attention is invited, 
elainGis no specific connection vrith the every day 
struggle of human life. Far away from the earth 
on which we dwell, in the blue ocean of space, 
thousands of bright orbs, in clusterings and con- 
figurations of exceeding beauty, invite the upward 
gaze of man, and tempt him to the examination 
of the wonderful sphere by which he is surrounded. 
The starry heavens do not display their glittering 
constellations in the glare of day, while the rush 
and turmoil of business incapacitate man for the 
enjoyment of the solemn grandeur. It is in the 
stillness of the midnight hour, when all nature is 
hushed in repose, when the hum of the world's 
on-going is no longer heard, that the planets roll 
and shine, and the bright stars, trooping through 
the deep heavens, speak to the willing spirit that 
would learn their mysterious being. 

Often have I swept backward in imagination 
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_ years, and stood beside our Great 
Ancesto^ as^e gazed for the first time upon the 
going down of the sun. What strange sensations 
must have swept through his bewildered mind, as 
he watched the last departing ray of the sinking 
orb, unconscious whether he should ever behold 
its return. Wrapt in a maze of thought, strange 
and startling, his eye long lingers about the point 
at which the sun had slowly faded from his view. 
A mysterious darkness, hitherto unexperienced, 
creeps over the face of nature. The beautifiil 
scenes. of earth, which, through the swift hours of 
the first wonderful day of existence, had so charmed 
his senses, are slowly fading one by one from his 
dimmed vision. A gloom, deeper than that which 
covers earth, steals across tne mind of earth^s 
solitary inhabitant. He raises his inquirii^ gaze 
towards heaven, and lo I a silver crescent of light, 
clear and beautifril, hanging in the western sky, 
meets his astonished eye. The young moon 
charms his untutored vision, and leads him up- 
ward to her bright attendants, which are now 
Mealing, one by one, from out the deep blue sky. 
The solitary gazer bows, and wonders, and adores. 
The hours glide by — ^the silver moon is gone — ^the 
stars are rising — slowly ascending the heights of 
heaven — ^and solemnly sweeping downward in the 
stillness of the night. The first grand revolution 
to mortal vision is nearly completed. A faint 
streak of rosy light is seen in the east — it bright- 
ens — ^the stars fade — ^the planets are extinguished 
— the eye is fixed in mute astonishment on the 
growiijg splendour, till the first rays of the re- 
turning sun dart their radiance on the young earth 
and its solitary inhabitant. To him ^^ the evening 
and the morning were the first day.**' 

The curiosity excited on this first solenm night 
— the consciousness that in the heavens God had 
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declared his glory — the eager desire to compr^nd 
the mysteries that dwell in these bright orbs, have 
clung to the descendants of him who first watched 
Mid wondered, through the long lapse of «i#thou- 
sanc^^rs. In this boundless field of investigation, 
hunmh genius has won its most signal victories. — 
Geneuation after generation has rolled awav, age 
after age has swept silently by, but each 1ms 
swelled by its contribution the stream of disco- 
very. — One barrier after another has given way to 
the force of intellect — ^mysterious movements have 
been unravelled — ^mighty laws have been revealed 
— ^ponderous orbs have been weighed — ^their reci- 
procal influences computed — ^their complex wan- 
derings made clear, until the mind, majestic in its 
strength, has mounted step by step up the rocky 
height of its self-built pyramid, from whose star- 
crowned summit it looks down upon the grandeur 
of the universe, self-clothed with the prescience of 
a God. — With resistless energy it rolls back the 
tide of time, and lives in the configuration of roll- 
ing worlds a thousand years ago ; or, more won- 
derful, it sweeps away the dark curtain from the 
future, and beholds those celestial scenes which 
shall greet the vision of generations when a thou- 
sand years shall have rolled away, breaking their 
noiseless waves on the dim shores of eternity. 

To trace the efforts of the human mind in this 
long and ardent struggle, to reveal its hopes and 
fears, its IcHig years of patient watching, its mo- 
nients of despair, and hoars of triumph — ^to deve- 
lope the means by which the deep foundations of 
the rock-built pyramid of science have been laid, 
«id to follow it as it slowly rears its stately form 
from age to age, until its vertex pierces the very 
heavens — ^these are the objects proposed for accom- 
plishment, and these are the topics to which I 
would invite your earnest attention. The task is 
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one of no ordinary difficulty. It is no feast of 
fancy, with music and poetry, with eloquence and 
art, to enchain the mind. Music is here— -hut it 
is the deep and solemn harmony of the spheres. 
Poetry is nere — ^but it must he read in the charac- 
ters of light, written on the sahle garments of 
night. Architecture is here — ^but it is the colossal 
structure of sun and system, of cluster and uni- 
verse. Eloquence is here — " but there is neither 
speech nor language. Its voice is not heard,'' yet 
its resistless sweep comes over us in the mighty 
periods of revolving worlds. 

Shall we not listen to this music, because it is 
deep and solemn I Shall we not read this poetry^ 
because its letters are the stars of heaven ? Shall 
we refuse to contemplate this architecture, because 
^' its architraves, its archways, seem ghostly from 
infinitude ?*" Shall we turn away from this sur- 
ging eloquence, because its utterance is made 
through sweeping worlds? No— the mind is ever 
inquisitive, ever ready to attempt to scale the 
most rugged steeps. Wake up its enthusiasm — 
fling the light of hope on its pathway, and no 
matter how rough, and steep, and rocky it may 
prove, onward! is the word which charms its 
w^illing powers. 

It is not my wish or design to introduce you to 
the dark technicalities of science, neither do I pro- 
pose to rest satisfied with the barren statement of 
the results which have been reached by the effi[)rts 
of genius. While on the one hand I shall endea- 
vour to shun all attempt at critical scientific die- 
monstration, which could only be intelligible to 
the professed student of astronomy, I shall on the 
other hand, fearlessly attempt such an expositicm 
of the processes and trains of reasoning by which 
great truths have been elicited, as to show to every 
mtelligent mind thait the problem is not impos- 
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sible ; by simplicity of language, by femiliar illus- 
trations, to fling light enough upon these myste- 
rious propositions, to show a pathway, though it 
be dim and rugged, still a pathway, which, if pur- 
sued, shall certainly lead to a full and perfect 
solution. I ask, then, no critical previous know- 
ledge of the subject, on the part of those who 
would follow me in the wonderful developements 
which I am about to attempt. Give me but your 
earnest and unbroken attention. Go with me in 
imagination, and join in the nightly vigils of the 
astronomer, and while his mind with powerftil 
energy struggles with difficulty, join your own 
sympathetic efforts with his — ^hope with his hopje 
— ^tremble with his fears — ^rejoice with his tri- 
umphs. Lend me but this kind of interest, and 
my task is already half accomplished. 

Before proceeding to an actual exposition of the 
structure of the Heavens, I propose in this intro- 
ductory lecture to announce the nature of the 
problem, which the mind has essayed to resolve, 
and to point out the more important auxiliaries, 
mental and mechanical, which it has conjured to 
its aid. If the difficulties of this problem should 
overwhelm the mind, let it be remembered that 
the astronomer has ever lived, and never dies. The 
sentinel upon the watch-tower is relieved from 
duty, but another takes his place, and the vigil is 
unbroken. No ; the astronomer never dies. He 
commences his investigations on the hill tops of 
Eden — ^he studies the stars through the long cen- 
turies of antideluvian life. The deluge sweeps 
from the earth its inhabitants, their cities, and their 
monuments ; but when the storm is hushed, and 
the heavens shine forth in beauty, from the sum- 
mit of Mount Arrarat the astronomer resumes his 
endless vigils. In Babylon he keeps his watch, 
and among the Egyptian priests he inspires a 
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thirst for the sacred mysteries of the stars. The 
plains of Shinar — ^the temples of India — ^the pyra- 
mids of Egypt, are equally his watching places. 
When science fled to Greece, his home was in the 
schools of her philosophers ; and when darkness 
covered the earth for a thousand years, he pursues 
his never-ending task from amidst the burning 
deserts of Arabia. When science dawned on 
Europe, the astronomer was there — ^toiling with 
Copernicus — ^Watchingwith Tycho — sufferingwith 
Galileo — ^triumphing with Kepler. Six thousand 
years have rolled away since the grand investiga- 
tion commenced. We stand at the terminus of 
this vast period, and looking back through the 
long vista of departed years, mark with lionest 
pride the successive triumphs of our race. Mid- 
way between the past and future, we sweep back- 
ward and witness the first rude effort to explain 
the celestial phenomena — ^we may equally stretch 
forward thousands of years, and although we can- 
not comprehend what shall be the condition of 
astronomical science at that remote period, of one 
thini( we are certain — ^the past, the present, and 
the future, constitute but one unbroken chain of 
observations, condensing all time, to the astrono- 
mer, into one mighty now. 

From the vantage ground which we occupy, it 
will not be difficult to announce so much of tt^e 
great problem as has already been resolved, and 
to form some af^roximate conception of what 
remains for ftiture ages to accomplish. 

In the exposition about to be attempted, I do 
not propose to present any trains of reasoning, or 
any results which may have been reached. These 
shall engage our attention hereaf)ier. At present 
permit me simply to translate into language the 
questions which the visible heavens propound. 

The most cursory examination of the cdestial 
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vault reveals the fact, that not one solitary object, 
visible to the eye, is at rest. Motion is the attri- 
bute of sun and moon, and planets and stars. 
The earth we inhabit alone remains fixed, to the 
senses. 

The first great problem propounded for human 
ingenuity, is to sever real motion from that which 
is unreal and only apparent. To accomplish this, 
some knowledge of the form of the earth which 
we inhabit must be obtained. Not only must we 
acquire a knowledge of its figure, but in like 
manner we must learn with certainty its actual 
condition, whether of rest or motion. If at abso- 
lute rest in the centre of the universe, then the 
rising sun, the setting moon, the revolving 
heavens, are real exhibitions, and must be exa- 
mined as such. On the contrary, should it be 
found to be impossible to predicate of the earth 
absidute immobility, then arises the complicated 
question, how many motions belong to it i and 
with what velocity does it move i If a motion of 
rotation exist, what is the position of the axis 
about which it revolves, and is this axis perma- 
nent or changeable i If a motion of translation 
in space must be adopted, then whither is the 
earth urging its flight i what the nature of the 
path described i the velocity of its movement, and 
the laws by which it is governed i These are 
some of the questions which present themselves 
in the outset, touching the condition of the earth, 
on whose surface the astronomer is located, in his 
researches of the heavens. 

Beyond the limits of the earth, a multitude of 
objects present themselves for examination : and 
first of all the sun, the great source of life and 
light and heat, demands the attention of the 
heavens* That some inscrutable tie binds it to 
the earth, or the earth to it, was early recognised 
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in the fact, that whether the sun was moving or 
at rest, the relative distance of it and the earth 
never changed hy any great amount ; and what- 
ever changes did occur, were all obliterated in a 
short period, and the distance by which these 
bodies are separated was restored to its primitive 
value, to recommence its cycle of changes in the 
same precise order. — Here then was a grand pro- 
blem, to determine the relations existing between 
the sun and the earth; to endue with motion tliat 
one of these bodies which did move, and to fix the 
limits within which the observed changes occurred, 
both in time and distance. 

While the connection between the sun and 
earth was certain, a mutual dependence between 
the earth and the other great source of light, the 
moon, was equally manifest The invariability 
in the apparent diameter of the moon, demon- 
strates the fact, that whether the earth were 
moving or stationary, the moon never parts com- 
pany with our planet. In all her wanderings 
among the fixed stars, in her elongations from the 
sun, in her wondrous phases and perpetual changes, 
some invisible hand neld her at the same absolute 
distance from the earth. But to decide whether 
this power resided in the earth or the moon, or in 
both, to explain these wondrous changes from the 
silver crescent of the western sky to the lull orb 
which rose with the setting sun, pouring a flood 
of light over all the earth, to develope the myste- 
rious connection between the disappearance of the 
moon and those terrific phenomena, the going out 
of the sun in dim eclipse — ^these frirnished themes 
for investigation requiring long centuries of patient 
watching, of never ending toil. 

Passing out from the sun aud moon to the more 
distant stars, among the brightest of those which 
gemmed the nocturnal heavens, a few were found 
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differing from all the rest in the f;»ct that they 
wandered from point to point, and at the end of 
intervals widely differing from themselves, swept 
round the entire heavens, and returned to their 
starting point, to recommence their ceaseless 
journies. These were named planets, wanders^ 
in contradistinction to the host of stars which 
were fixed in position, unchanged from century to 
century. 

Hence arose a new and profound series of in- 
vestigations : where were tnese wandering stars 
urging their flight ? Were their motions real or 
apparent 2 Were their distances equal or un- 
equal ? Did any tie hind them to the earth, or to 
the sun, or to each other ? Were their distances 
from the earth constant or variable ? Were their 
motions irregular, or guided by law ? Did they 
accomplish their revolutions among the fixed stars 
in regular curves, or in lawless wanderings ? 
Among all the moving bodies, sun, moon, and 
planets, could any principle of association be 
traced which might bind tnem together and form 
them into a common system ? 

To resolve these profound questions, a critical 
watch is kept on all the moving bodies. Their 
pathway is among the stars, and to these ever 
during points of light their positions are constantly 
referred. If beyond the limits of the moving 
bodies a dark veil had been drawn so as to have 
excluded the light of the stars, at the first glance 
it might seem that by such a change, simplicity 
would have been introduced, and the perplexity 
arising from the motion of the planets among the 
profusely scattered stars, would have been removed. 
J5ut let UB not judge too hastily. Blot out the 
stars, and give to the sun, moon and planets a 
blank heaven in which to move, ^nd the possi- 
bility of unraveling their mysterious motions, 
B 2 
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mutual relations, and common laws, is gone for 
ever. 

This will become manifest when we reflect that 
on such a change, not a fixed point in all the 
heavens would remain, to which we could refer a 
moving planet. They must then be referred to 
each other, and the motion due to the one, would 
become inextricably involved in that due to the 
other, and neither could be determined with any 
precision. Like the ocean islands which guided 
the early mariners, so God has given to us the 
stars of heaven as the fixed points to which we can 
ever refer, in all parts of their revolutions, the 
places of the wanaering planets, and the swiftly 
revolving moon. 

As the necessity for accuracy in watching the 
movements of the planets became more apparent, 
the attention was directed to the acqusition of the 
means by which this might be accomplished. 
Hence w*e find in the earliest ages the astronomer 
grouping the fixed stars into constellations — 
breaking up the great sphere of the heavens into 
fragments, the more easily to study its parts in 
detail. Not only are the stars in each constella- 
tion numbered, their brilliancy noted, but their 
relative places in the constellation and to each 
other; are fixed with all the precision which the 
rude means then in use permitted. Names are 
fixed to these different groupings, when or where 
or by whom we know not. Neither history nor 
tradition lead us back to this first breaking up of 
the heavens, but the names then bestowed on the 
fragmentary parts, the richer constellations, have 
survived the fall of empires, and are fixed for ever 
in the heavens. 

Possessing now a thorough knowledge of the 
objects among which the planets were moving, 
and the means of measuring with approximate ac- 
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euracy, their distance from the stars along their 
path, it became possible to trace a planet in its 
career, and to note the changes of its velocity. 
New and wonderftil discoveries were thus made. 
It was found that all the planets moved with an 
irregular velocity. Sometmies swiftly advancing 
among the fixed stars, then slowly relaxing their 
speed, they actually stopped, turned backward in 
their career, stopped again, and then, at first slowly 
but afterwards, more rapidly, resumed their onward 
motion. These strange and anomalous motions, 
differing firom anything remarked in the sun and 
moon, fornished new themes for discussion, new 
problems for solution. While the phenomena 
above alluded to became known, the same chain 
of observations revealed the remarkable fact, that 
the periods of revolution of the planets, though 
differing^ for each one of the group, were identical 
for eacn one individual, and moreover, that a 
simple curve marked out the pathway of sun, 
moon and planets, among the fixed stars, and that 
all these wandering bodies were confined to a nar- 
row zone or belt in the heavens. 

Centuries had now rolled away, nay, even thou- 
sands of years had slowly glided by, since the 
mind bad first given itself to the examination of 
the heavens, and while discovery after discovery 
bad rewarded the zeal of the observer in every age, 
yet the grand object of research, the distinction 
between actual and apparent motion, had thus far 
eluded the utmost enbrts of human genius. But 
a brighter day wa^ dawnifig. Each successive 
effi)rt tore away some petty obstruction which 
impeded the march of mind upward towards the 
lofty region of truth. Facts grew and multiplied. 
Phenomena striking and diversified, were collated 
and compared. The mind in imagination took 
leave of the earth as the centre of aU these com- 
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plex movements) inexplicable on its surface, and 
naturally urged its flight towards the sun. There 
it paused and rested, and from this point looked 
out upon the circling orbs, and lo f the com- 
plexity of their movements melted away. The 
centre was found — the mystery solved — the 
ponderous earth rescued from its false position, 
rolled in its place amon§ the planets, one of the 
great family that swept m beauty and harmony 
about their common parent the sun. '"^-^'^f 

The mind now stood upon the first platform of 
the rocky pyramid which it had been slowly rear- 
ing and with which it had been slowly rising, 
through long centuries of ceaseless toil. One 
grand point had been gained. Darkness had given 
way to light, but the great problem of the universe 
was yet to be resolved. All this long and arduous 
struggle had only revealed what the problem was. 
Appearances were now separated from realities, 
and with a fresh and invigorated courage the hu- 
man mind now gives its energies to the accom- 
plishment of dennite objects, no longer working 
uncertainly in the dark, but with the clear light of 
truth to guide and conduct the investigation. 

Possessed of these extraordinary advantages, the 
advance now became rapid and brilliant, as it had 
previously been slow and discouraging. That the 
planets, reckoning the earth as one, constituted a 
mighty family of worlds, was now manifest — 
whether linked singly to the sun, or mutually in- 
fluencing each other, was the grand question. 
This great problem rested upon the resolution of 
a multitude of subordinate ones. The actual 
curve constituting the planetary orbits, the mag- 
nitude of these orbits, their actual position in space, 
the values and directions of their principal lines, 
the laws of their motion, all these and many more 
q\iestions of equal importance and intricacy pre- 
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sented themselves in the outset of the examination 
now fairly commenced. Human skill was ex- 
hausted in the contrivance and construction of 
mechanical aids by which the movements of the 
planets might be watched with the greater ac- 
curacy. Partial success crowned these extraor- 
dinary efforts, but there yet remained delicate in- 
vestigations which with the utmost skill in 
observing escaped the farthest gaze of man^^s eagle 
gaze, and seemed to bid defiance to all his powers. 
To conquer these difficulties, one of two things 
must be accomplished : either man must sweep 
out from earth towards the more distant planets, 
to gain a nearer and more accurate view, or else 
bring them down from their lofty spheres to sub- 
iect themselves to his scrutinizing gaze. How 
hopeless the accomplishment of either of these im- 
possible alternatives. But who shall prescribe 
the limits of human genius ? In studying the 
phenomena of the passage of light through 
transparent crystalisea bodies, a principal is dis- 
covered which lets in a gleam of hope on the 
disheartened mind. It seizes this principle, con- 
verts it to its use, and arms it with an instrument 
more wonderful than any that fancy in its wildest 
dreams ever pictured to the ima^ation. With 
the potent aid of this magic instrument, the 
astronomer is no longer bound hopelessly to his 
native earth ; without indeed quitting in person 
its surface, his eye gifted with superhuman power, 
ranges the illimitable fields of space. He visits 
the moon, and finds a world with its lofty moun- 
tains and spreading valleys. The star-like planets 
swell into central worlds, with their circling 
ndoons, and myriads of fixed stars, hitherto beyond 
the reach of human vision, stand revealed in all 
their sparkling beauty. It is as if the united 
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ran^ of a thousand eyes were all concentrated in 
a edngle one. 

A new era now dawns on the world. The 
delicate and invisible irregularities of the planet- 
ary motions are now fiilly revealed, and the data 
rapidly accumulated by means of which the last 
grand question is to be resolved. The orbitual 
curves are determined. A mysterious relation 
between the distances of the planets from the sun 
and their periods of revolution unites them posi- 
tively into one family group. That they are 
bound to the sun by some inscrutable power, is 
certain, and it now remains to determine the law 
of increase and decrease of this force for all pos- 
sible distances. This last truth is finally achieved, 
and the wisdom of God is vindicated in the 
beautiful structure of our grand system. 

The second lofty platform is reached in the 
mighty pyramid, whose summit is nownearing the 
stars of heaven. From this elevation the mind 
looks out upon the circling planets and their re- 
volving satellites, and the mysterious comet, and 
ventures to propound the question, do these bodies 
so interfere with the movements of each other, as 
to aflPect permanently the structure by which the 
equilibrium and stability of the entire system is 
guarantied? 

To answer this question, a new train of investi- 
gation is commenced, satellite is weighed against 
planet, and planet against the sun, until the mass 
of matter contained in each individual of the 
system becomes accurately known. Then is* 
undertaken, the grand problem of perturbations. 
The telescope reveals the fact that slow and 
mysterious changes are going on in the mean 
motions of the moon, in the figure of the 
planetary orbits, and in the relative positions 
which these orbits hold to each other. Are 
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these changes ever progressive! If this be 
true, then, does the system contain within itself 
the seeds of decay, the elements of its own destruc- 
tion. Slowly but surely as the solemn tread of 
time, the end must come, and one by one planet 
and satellite and comet, sink for ever in the sun. 
Long and arduous was the struggle to reach the 
true answer to this difficult question. The entire 
solution involved a multitude of parts. 

When the mutual dependence of the multitude 
of bodies constituting our system was discovered, 
when planet, and satellite, and comet, were found 
to feel and sway to the influence which each 
exerted on the other, the simplicity of their move- 
ments was gone for ever ; orbits once fixed in the 
heavens, slowly swung away from their moorings ; 
the beautiful precision which had to all appearance 
marked the planetary curves, was destroyed. 
The regularity of their motions was changed into 
irregularity, and a system of complexity which 
seemed to bid defiance to all effort at comprehen- 
sion, presented itself to the human intellect. 

It was no less than this — ^given, a system of 
revolving worlds, mutually operating on each 
other ; required, their magnitudes, masses, dis- 
tances, motions, and positions, at the close of a 
thousand revolutions. What mind possessed the 
gigantic power to grasp this mighty problem? 
Reason was lost in wandering mazes, and the 
brightest intellect sunk clouded in gloom. 

In this dilemma, the mind fcurns inward on its 
own resources. As the physical man climbs some 
mountain height by successive efforts, rising higher 
and higher, scaling rock after rock, and mounting 
precipice after precipice, by the use of strength 
comparatively feeble, resting and recruiting as it 
becomes exhausted, was it impossible, to contrive 
some mental machinery which might give to the 
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reason the power of prosecuting its difficult re- 
searches, in such manner that it might stop and 
rest, and not lose what it had already gained in its 
onward movement ? 

Geometry had invigorated the reason, as exer- 
cise toughens and strengthens the muscles of the 
human frame. But it had given to the mind no 
mechanical power, wherewith to conquer the diffi- 
culties whicn rose superior to its natural strength. 
. Archimides Wanted but a place whereon to stand, 
and with his potent lever he would lift the world. 
The astronomer demands an analogous mental ma- 
chinery to trace out the complex wanderings of a 
system of worlds. What the human mind de- 
mands and resolves to .find, it never fails to dis- 
cover. The infinitesimal analysis is reached, its 
principles developed, its resistless power, com-* 
pelled into the service of human reason. I shall 
not now stop to explain the nature of this analysis. 
Its power and capacity alone engage our attention 
at the present. Once having seized on a wander- 
ing planet, it never relaxes its hold, no matter 
how complicated its movements, how various the 
influences to which it may be subjected, how 
numerous its revolutions, no escape is possible. 
This subtle analysis clings t.o its object, tracing 
its path, and fixing its place with equal ease, at 
the beginning, middle, or close of a thousand re- 
volutions, though each of these should require a 
century for its accomplishment. 

Armed with this analysis, which the mind created 
for its use, giving to it strength only commensurate 
with the increased power which had been given 
to the human eye, it concentrated its energies once 
more upon this last greatest problem. One by one 
these strong holds gave way, the resistless power 
of analysis marches onward from victory to vic- 
tory, until finally the sublime result is reached, 
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the system is stable, the e<j[uilibrium is perfect ; 
slowly rocking to and fro m periods which stun 
the imagination, the limits are prescribed beyond 
which these fluctuations shall never pass. 

Here it would seem that human ambition might 
rest. Satisfied with having mastered the myste- 
ries of the system with which we are united, the 
mind might cease its arduous struggle, and leave 
the wilderness of fixed stars free from its intru- 
sions and ceaseless persecutions. But this is not 
the effect produced by victory ; success but en- 
genders new desires, and prompts to more difficult 
enterprises. Man having obtained the mastery 
over nis own system, bolcfly wings his flight to the 
star-lit vault, and resolves to number its countless 
millions, to circumscribe its limitless extent, to 
fathom its infinite depth, to fix the centre about 
which this innumerable host is wheeling its silent 
and mysterious round. 

Here commences a new era. The first step in 
the stupendous enterprise is to determine the dis- 
tance of some fixed star. Here again the mind is 
long left to struggle with difficulties which it 
seemed that no ingenuity or skill could remove. 
But its efforts do not go unrewarded. If it £»ils 
in the accomplishment of its grand object, it is 
rewarded by the most brilliant discoveries. The 
mighty law governing the planetary worlds is 
extended to the region of the fixed stars, motion 
is there detected, orbitual motion, the revolution 
of sun about sun. The swift velocity of light is 
measured, to become the future unit in the expres- 
sion of the mighty distances which remain yet to 
be revealed. Ever baffled, but never conquered, 
the mind returns again and again to the attack, 
till finally the problem slowly yields, the immea- 
surable gulf is passed, and the distance of a single 
star rewards the toils of half a century. But wmi 
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a triumph is this ! It is no less than a revelation 
of the scale on which the universe is built. The 
interval from sun to fixed stars, is that by which 
the stars are separated ; and a reach of distance is 
opened up to the mind, which it only learns to con- 
Qr\<5 template Dy long continued eflfort. 

But another startling fact is revealed in the 
prosecution of these profound investigations. The 
minute examinations of the fixed stars, have 
changed their character. For thousands of years 
they had been regarded as absolutely fixed among 
each other. This proves to be mere illusion, 
resulting from the determination of their minute 
changes. Under the scrutinizing gaze of the eye, 
with its power increased a thousand fold, the 
millions of shining orbs which fill the heavens, are 
all found to be slowly moving round each other, 
slowly as seen from our remote position, but with 
amazing velocity when examined near at hand. 
/ A new problem of surprising grandeur now pre- 
I sents itself. Are these motions real ! or are they 
jidue to a moticm in the great centre of our system ! 
A series of examinations analogous to those which 
divided between the real and apparent motions in 
the planets, is commenced and prosecuted with a 
zeal and devotion unsurpassed in the history of 
science. The mind rises to meet the sublime 
investigation. For a hundred years it toils on ; 
again it triumphs; the truth is revealed. The 
immobility of the sun is gone for ever ; our last 
fixed point is swept from under us, and now the 
» entire universe is m motion. 

With redoubled energy the mind still prosecutes 
the inquiry, whither is the sun sweeping, and 
with wnat velocity does it pursue its unknown 
path ! Strange and incredible as it may appear, 
these questions are answered; and in attaming 
this answer, the means are reached to separate 
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between the real and apparent motions of the 
fixed stars, and to study their complex changes 
and to rise by slow degrees, to a complete know- 
ledge of the movements of the ^rand sidereal 
system. Here we pause. Rapidly have we 
descended the current of astronomical research, 
we have attained the boundary of the known. 
We stand on the dim confines of the unkno¥m. 
All behind us is clear and bright and perfect, all 
before us is shrouded in gloom and darkness and 
doubt. Yet the twilight of ijie known flings its 
feeble light into the domain of the unknown, and 
we are permitted to gather some idea, not of all 
that remains to be done, but of that which must 
be first accomplished. 

Let us then stretch forward and propound some 
of those questions which nature yet presents for 
solution, out which have hitherto resisted the 
effects of the human mind. First of all, we be- 
gin with our system. How came it to be con- 
stituted as it actually exists ? All the analogies 
of nature forbid the idea that it was thus instantly 
called into being by the fiat of Omnipotence. 
Does it come, then, firom some primitive modifi- 
cation of matter, under the action of laws working 
out their results in countless millions of agesl 

/Who shall pi^sent the true cosmogony of the 

(^solar system, r 

But this is only one unit among many millions. 
Whence the myriads of stars ? those stupendous 
aggregations into mighty clusters i what tne laws 
of their wonderful movements, of their perpetual 
stability ? Who will explain the periodical stars, 
that wax and wane, like the changing moon i or, 
still more wonderful, reveal the mystery of those 
which have suddenly burst on the astonished 
vision of man, and have as suddenly gone out for 
ever in utter darkness. 
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Such are the questions which remain for the re- 
solution of Aiture a£;es. We may not witness these 
anticipated triumphs of mind over matter ; hut 
who can doubt the final result ! Look backward 
to the Chaldean shepherd, who watched the 
changing moon from the plains of Shinar, and, 
wondering, asked if future generations would re- 
veal those mysterious phases ? Compare his mind 
and knowledge with those of the modern astro- 
nomer, who grasps, at a single glance, the past, 
present, and future changes of an entire system. — 
Are the heights which remain to be reached, more 
rugged, more inaccessible, than those which have 
been already so triumphantly scaled! The ob-i 
servations recorded in Babylon three thousand 
years ago, have reached down through the long 
series of centuries, and are of inestimable value 
in the solution of some of the darkest problems 
with which the mind has ever grappled. In like 
manner, the records which we are now making 
shall descend to unborn generations, and contribute 
to effect the triumphs of genius, when three 
thousand years shall have passed away. If doubt 
arises as to the final resolution of these profound 
(][uestions, from the immense distance of the ob- 
jects under examination, let us call to mind the 
fiwt, that the artificial eye which man has ftir- 
nished for his use, possesses a glance so piercing, 
that no distance can hide an object from his 
searching vision. 

Should Sirius, to escape this fiery glance, dart 
away from its sphere, and wing its night at a ve- 
locity of twelve millions of miles in every minute, 
for a thousand years ; nay, should it sweep on- 
ward at the same distance for ten thousand years, 
this stupendous distance cannot bury it from the 
persecuting gaze of man. But if distance is to 
form no barrier, no terminus to these investiga- 
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tions, surely there is one element which no human 
ingeauity can overcome. The complex movements 
of the planetary orbs have been revealed, because 
they have been repeated a thousand times under 
the eye of man, and from a comparison of many 
revolutions, the truth has been evolved. But tens 
of thousands of years must roll away before the 
most swiftly moving of all the fixed stars shall 
complete even a small fragment of its mighty 
orbit. With motions thus shrouded, there would 
seem to be an entire security from the inquisitive 
research of a being whose whole sweep of exist- 
ence is but a moment, when compared with these 
vast periods. But let us not judge too hastily. — 
The same piercing vision that follows the retread- 
ing star to depths of space almost infinite, is armed 
with a power so great, that if this same star 
should commence to revolve around some grand 
centre, and move so slowly that millions of years 
must roll away before it can complete one circuit, 
not even a single year shall pass before its motion 
shall be detected ; in ten years its velocity shall 
be revealed, and in the life time of a single 
observer its mighty period shall become known. 

If human genius is not to be baffled by either 
distance or time, numbers shall overwhelm it, and 
the stars shall find their safety in their innume- 
rable millions. This retreat may even fail. The 
watch-towers of science now cover the whole 
earth, and the sentinels never sleep. No star, or 
cluster, or constellation, can ever set. It escapes 
the scrutinising gaze of one astronomer, to meet 
the equally piercing gaze of another. East and 
west, and north and south, from the watch-towers 
of the globe, peals the solemn mandate, onward ! 

Here we pause. Wq have closed the enuncia- 
tion of the great problem whose discussion and 
solution lie before us, a problem whose solution 
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has been in progress six thousand years — one 
which has furnished to man the opportunities of 
his loftiest triumphs, one which has taxed in every 
age the most vigorous efforts of human ^nius, a 
problem whose successive developments have de- 
monstrated the immortality of mind, and whose 
sublime results have vindicated the wisdom and 
have declared the glory of God. You have lis- 
tened to the enunciation, we now invite you to 
follow us in the demonstration. And may that 
Almighty power, which built the heavens, give to 
me vnsdom to reveal, and to you power to grasp 
the truths and doctrines wrested by mind from 
nature in its long struggle of sixty centuries of 
toU! 
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CHAPTER 11. 

THB DISOOYBBIEd OF THE PBIHITITE AGBS. 

To those who have given but little attention to 
the science of astronomy, its truths, its predic- 
tions, its revelations, are astonishing ; and but for 
their rigorous verification, would be absoluteljr in- 
credible. When we look out upon the multitude 
of stars which adorn the nocturnal heavens, 
scattered in bright profusion in all directicms, 
without law, regardless of order — when with 
telescopic aid, thousands are increased to mil- 
lions, and suns and systems and universes, rise 
in sublime perspective, as the visual ray sweeps 
outward to distances which defy the powers of 
arithmetic to express, how utterly futile does it 
seem, for the mind to dare, to pierce and penetrate, 
to number, weigh, measure and circumscril)e, these 
innumerable millions ? It is only when we re- 
member, that from the very cradle of our race, 
strong and powerful minds, have in rapid and con- 
tinuous succession, bent their energies upon the 
solution of this grand problem, that we can com- 
prehend, how it is, that light now breaks in upon 
us, from the very confines of the universe, dimly 
revealing the mysterious forms, which lie yet half 
concealed in the unfathomable gulfs of space. 
When I reflect on the recent iaiumphs of human 
genius — ^when I stand on the shore of that mighty 
stream of discovery, which has grown broader and 
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deeper, as successive centuries have rolled away, 

» 0/ / gathering in strength and intensity, until it has 

. ^"^ ' '^Z embraced the whole universe of Godlrl am car- 

/<' /' k i^ v; ried backward through thousands of years, fol- 

^>e<:^*rjfc./«i^^lpwing this stream, as it contracts towards its 
/- / <>*f *V ^source, till finally its silver thread is lost in the 

/? /x/^/Tr/ clouds and mists of antiquity. I would fain stand 
t/// at the very source of discovery, and commune 
with that unknown god-like mind which first con- 
ceived the grand thought, that even these myste- 
rious stars might be read, and that the bright 
page which was nightly unfolded to the vision of 
man, needed no interpreter of its solemn beauties, 
but human genius. There is to my mind, no 
finer specimen of moral grandeur, than that pre- 
sented by him who first resolved to read and 
comprehend the heavens. On some lofty peak he 
stood, in the stillness of the midnight hour, with 
the listening stars as witnesses of his vows, and 
there, conscious of his high destiny, and of that 
of his race, resolves to commence the work of ages. 
^' Here," he exclaims, " is my watch-tower, and 
yonder bright orbs, are henceforth my solitary 
companions. Night after night, year after year, 
will I watch and wait, ponder and reflect, until 
some ray shall pierce the deep gloom which now 
wraps the world.**" 

Thus resolved the unknown founder of the 

-. science of the stars. What matters this, since bis 

works, his discoveries, have endured for thousands 
of years, and will endure, as long as the moon 
shall continue to fill her silver horn, and the 
planets to roll and shine. 

Go with me, then, in imagination, and let us 
stand beside this primitive observer, at the close of 
his career of nearly a thousand years, (for we must 
pass beyond the €poch of the deluge, and seek our 
first discoveries among those sages, whom, for 
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« 

their virtues, God permitted to count their age, 
not by years, but by centuries,) and here we shall 
learn the order in which the secrets of the starry 
world slowly yielded themselves, to long and per- 
severing scrutiny. And now let me unfold, in 
plain and simple language, the train of thought, 
of reasoning and research, which marked this 
primitive era of astronomical science. It is true 
that history yields no Jight, and tradition even 
Mky but such is the beautiful order in the golden 
chain of discovery, that the bright links which are 
known, reveal with certainty, those which are 
buried in the voiceless past. — If then it were pos- 
sible to read the records of the founder of astronomy, 
graven on some column of granite, dug from tne 
earth, whither it had been borne by the fury of 
the deluge, we know not what its hieroglyphics 
would reveal, with a certainty scarcely less than 
that which would be given by an actual discovery, 
such as we have imagined. We are certain that 
the first discovery ever recorded, as the result of 
human observation, was on the moon. 

The sun, the moon, the stars, had long continued 
to rise, and climb the heavens, and slowly sink 
beneath the western horizon. The spectacle of 
day and night, wasj;hen as now, familiar feo every 
eye ; but in gazing there was no observation, and 
in mute wonder there was no science. When 
the solitary observer took his post, it was to watch 
the moon. Her extraordinary phases had long 
fixed his attention. Whence came these changes! 
The sun was ever round and brilliant — the stars 
shone with undimmed splendour — while the moon 
was ever waxing and waning, sometimes a silver 
crescent hanging in the western sky, or full orbed, 
walking in majesty among the stars, and eclipsing 
their r^iance, with her overwhelming splendour. 
Scarcely had the second observation been made 
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uj)on the moon, when the observer was struek 
with the wonderAil fact, that she had her place 
among the fixed stars, which on the preceding 
night he had accurately marked. Astonished, m 
again fixes her place by certain bright stars dose 
to her position, and waits the commg of the fol- 
lowing night. His suspicions were confirmed—- 
the moon is moving ; and what to him is far 
more wonderfiil, her motion is precisely contrary 
to the general revolution of the heavens, from east 
to west. With a curiosity deeply aroused, he 
watches from night to night, to learn, whether 
she will return upon her trade ; but she marches 
steadily onward among the stars, until she sweeps 
the entire circuit of the heavens, and returns to 
the point first occupied, to' recommence h^ cease- 
less cycles. 

An inquiry now arose, whether the changes in 
the moon, h^ increase and decrease, couM in any 
way depend on her place among the fixed stars. 
To solve this question, required a long^ period. 
The group of stars among whidi the new moon 
was first seen was accurately noted, so as to be 
recognized at the ft^lowing new moon, and doiribt- 
less our primitive astronomer hoped to find tha^ 
in this same group the silver crescent, when it 
should next appear, would be found. But in this 
he was disappointed ; for when the moon beoame 
first faintly visible in the western sky, the group 
of stars which bad ushered her in before, had dis- 
appeared below tbe horizon and a new group had 
takon its place ; and thus it was discovered that 
each successive new moon fell &rrthe«* and f^her 
backward amon<g the stars. By counting ^e days 
from new moon to new moon, and those whidx 
elapsed while the moon was passing rouaiid the 
the heavens from a certain fixed star to this same 
star again, it was found tba/t tl^e two periods were 
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different; the revolution from new to new occupy- 
iBg 29| days, while the sidereal revolution, from 
star to star, required 27^ days. 

This backward moticm of the moon among llie 
stars, must have perplexed the early astronomers ; 
and for a long wnile it was utterly impossible to 
decide whether the motion was real or only appa- 
rent — ^analogy would lead to the conclusion that 
all motion must be in the same direction, and as 
the heavens revolved from east to west, it seemed 
impossible that the moon, which manifi^stly par- 
ticipated in this general movement, should have 
iffiother and a different motion, from west to east. 
There was one solution of this mystery, and I 
have no doubt it was for a long while accepted 
and believed. It was this. Sy giving to the 
moon a slower motion from east to west, than 
the general motion of the heavens, she would 
appear to lag behind the stars, which would by 
their swifter velocity pass by her, and thus occa- 
sion in her the observed apparent motion, from 
west to east. We shall see presently how this 
error was detected. 

The lon^ and accurate vigils of the moon, and 
the necessity of recognizing her place, by the 
dusters or groups of stars amon^ which she was 
nightly found, had already familiarized the eye 
with those along her irack, and even thus early 
the heavens began to be divided into constella- 
tions. The eye was not long in detecting the 
singular fact, that this stream of constellations, 
lying along the moon'^s path, was constantly flow- 
ing to the west, and <Hie group after another 
apparently dropping into the sun, or at least 
becoming invisible, in consequence of their proxi- 
mity to this brilliant orb. A closer examination 
revealed the fact, that the aspect of the whole 
heavens was changing from m<mth to month. 
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Constellations \7h1ch had been conspicuous in the 
west, and whose brighter stars were the first to 
appear as the twilight faded, were found to sink 
lower and lower towards the horizon, till thejr 
were no longer seen ; while new groups were 
constantly appearing in the east. 

These wonderfiil changes, so strange and inex- 
plicable, must have long perplexed the early stu- 
dent of the heavens. Hitherto the stars, along 
the moon'^s route, had engaged special attention ; 
but at length certain bright and conspicuous con- 
stellations, towards the north, arrested the eye : 
and these were watched to see whether they would 
disappear. — Some were found to dip below the 
western horizon, soon to re-appear m the east; 
while others revolving with the general heavens, 
rose high above the horizon, swept steadily round, 
sunk far down, but never disappeared from the 
sight. This remarkable discovery soon led to 
another equally important. In watching the stars 
in the north through an entire night, they all 
seemed to describe circles; having a common 
centre, these circles grew smaller and smaller as 
the stars approached nearer to the centre of revo- 
lution, until finally one bright star was found, 
whose position was ever fixed. — Alone unchanged 
while all else was slowly moving. The discovery 
of this remarkable star, must have been hailed 
with uncommon delight by the primitive observer 
of the heavens. If his deep devotion to the study 
of the skies, had created surprise among his rude 
countrymen, when he came to point them to this 
never changing light hung up in the heavens, and 
explained its uses in guidmg their wanderings on 
the earth, their surprise must have given place to 
admiration. Here was the first valuable gift of 
primitive astronomical science to man. 
. But to the astronomer this discovery opened 
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up a new field of investigation, and light began 
to dawn on some of the most mysterious ques* 
tions which had long perplexed him. He had 
watched the constellations near the moon's track 
slowly disappear in the effulgence of the sun, and 
when they were next seen, it was in the east, in 
the early dawn, apparently emerging from the 
solar beams, having actually passed by the sun. 
Watching and reflecting, steadily pursuing the 
march of the northern constellations, which never 
entirely disappeared, and noting the relative poiM- 
tions of these, and those falling into the sun, it 
was at last discovered that the entire starry hea- 
vens was slowly moving forward to meet and pass 
by the sun, or else the sun itself was actually 
moving backward among the stars. This apparent 
motion had already been detected in the moon, 
and now came the reward of long and diligent 
perseverance. The grand discovery was made,, 
that both the sun and moon were moving among 
the fixed stars, not apparently^ but absolutely. 
The previously received explanation of the moon^s 
motion could no longer be sustained ; for the starry 
heavens could not at the same time so move as to 
psuss by the moon in pae month, and to pass by 
the sun in a period twelve times as great. A train 
of the most important conclusions flowed at once 
from this discovery. The starry heavens passed 
beneath and around the earth — the sun and moon 
w^e wandering in the same direction, but with 
different velocities among the stars — ^the constella- 
tions actually filled the entire heavens above the 
earth and beneath the earth — the stars were in- 
visible in the day time, not because they did not 
exist, but because their feeble light was lost in 
the superior brilliancy of the sun. The heavens 
were spherical, and encompassed like a shell the 
^tire earth, and hence it was conceived that the 
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earth itself was also a globe, occupying the centre 
of the starry sphere. 

It is impossible for us, familiar as we are at this 
day with these important truths, to appreciate the 
rare merit of him who, by the power of his genius^ 
first rose to their knowledge, and revealed them 
to an astonished world. We delight to honour 
the names of Kepler, of Gralileo, of Newton ; but 
here are discovenes so &r back in the dim past, 
that all trace of their ori^n is lost, which vie in 
interest and importance with the proudest achieve- 
ments of any age. 

With a knowledge of the i^hericity <^ the hea- 
vens, the revolution of the sun and moon, the con- 
stellations of the celestial sphere, the axis of its 
diurnal revolution, astronomy began to be a science, 
and its future progress was destined to be nmid 
and brilliant. A line drawn from the eartVs 
centre to the north star formed the axis oi tbe 
heavens, and day and night around this axis all 
the celestial host were noiselessly pursuing their 
never-ending journies. Thus far thd only moving 
bodies known were the sun and moon. These 
large and brilliant bodies, by their magnitude and 
splendour, stood out conspicuously from among 
tne multitude of stars, leaving these minute but 
beautiful points of light, in one great class, un-« 
changeable among themselves, fixed in their grouD- 
in^s and configurations, fiirnishing admirable 
points of reference, in watching and tracing out 
the wandering of the sun and moon. 

To follow tne moon as she pursued her journey 
among the stars was not difficult ; but to trace the 
sun in his slower and most majestic motion^ and to 
mark accurately his track, from star to star, as he 
heaved upward to meet the coming constellations^ 
was not so readily accomplished. Ni^t after 
night, as he sunk below the horizon, the attentive 
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WBtober marked ilie bright stars near the pdnt <£ 
setting which first appeared in the evening twilight. 
Tbe^a gradually sunk towards the sun on suoces^ 
five nights, and thus was he traced from constel- 
lation to oiHistellaticm, until the entire circuit of 
the heavens was performed, and he was once nu>ro 
utt^ded by the same bright stars, that had watched 
long before, his sinking in the west. Here was 
revealed the measure of the Year. . The earth 
had been verdant with the beauties of spring,--^ 
glowing with the maturity of summer,-— rich in 
the firuits (^ autunm, — and locked in the icy chains 
of winter, while the sun had circled round the 
heavens. His ^trance into certain constellations 
marked the coming seasons, and the nmn was be- 
l^nniug to couple bis cycle of pursuits on earth 
with the revolutions of the celestial orbs. 

While intently engaged in watching the sun as 
it slowly heaved up to meet the constellationn, 
some ardent devotee to this infant science, at length 
marked in the early twilight a certain brilliant 
star closely attendant upon the sun. The relative 
positions of these two objects was noted, for a few 
ocmsecmtive nights, when with a degree of asto^ 
Aishment, of which y^e can form no conception, 
b9 discovered that this brilliant star was rapidly 
japproaching the sun, and actually taking its place 
among the neighbouring stars, — ^night after night 
he ga^ses on this unprecedented phenomenon, a 
numng 9tar / and on each successive night he finds 
the wanderer coming nearer and nearer to the sun. 
At last it disappears from sight, plunged in the 
beams of the upheaving sun. What £ul become 
of this strange wanderer ? was it lost for ever i 
were questions which were easier asked than an**- 
sweared. But patient watching had revealed tho 
fact, that when a group of stars, absorbed into the 
sun's rays, disappeared in the west, they wer^ next 
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seen in the eastern sky, slowly emerging from his 
morning beams. Might it not be possible, that 
this wandering star would pass by the sun, and 
re-appear in the east ? With how much anxiety 
must this primitive discoverer have watched in the 
morning twilight ? Day after day he sought his 
solitary post, and marked the rising stars, slowly 
lifting themselves above the eastern horizon. The 
gray dawn oame, and the sun shot forth a flood of 
light, the stars faded and disappeared, and the 
watcher gives over till coming morning. But his 
hopes are crowned at last. Just before the sun 
breaks above the horizon, in the rosy east, reftil- 
gent with the coming day, he descries the pure 
white silver ray of his long lost wanderer. It has 
passed the sun, — it rises in the east, — ^the first 
planet is discovered ! 

With how much anxiety and interest did the 
delighted discoverer trace the movements of his 
wandering star. Here was a new theme for 
thought, for observation, for investigation ; would 
this first planet sweep round the heavens, as did 
the sun and moon ? would it always move in the 
same direction I would its path lie among those 
groups of stars among which the sun and moon 
held their course ? Encouraged by past success, 
he rejoicingly enters on the investigations of these 
questions. For some time the planet pursues its 
journey from the sun, leaving it ferther and farther 
behind. But directly it slackens its pace, — it ac- 
tually stops in its career, and the astonished ob- 
server perhaps thinks that his wandering star had 
again become fixed. Not so, — ^a few days of 
watching dispels this idea. Slowly at first, and ' 
soon more swiftly, the planet seeks again the sun, 
movitig backwards on its former path, until finally 
its light is but just visible in the east at early 
dawn. Again it is lost in the sun^s beams for a 
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time, and contrary to all preceding analogy, when 
next seen, its silvery ray comes ont pure and bright, 
JHst above the setting sun. It now recedes from 
the sun, on each successive evening increasing its 
distance, till it again reaches a point never to be 
passed — here it stops — ^is stationary for a day or 
two, and then again sinks downward to meet the 
sun. How wonderftd and inexplicable the move- 
ments of this wandering star must have appeared 
in the early ages ! oscillating backward and for- 
ward, never passing its prescribed limits, and ever 
closely attendant upon the sun. Where the sun 
sunk to repose^ there did the faithftd planet sink, 
and where the sun rose, at the same point did the 
wandering star make its appearance. The number 
of days was accurately noted, from the stationary 
point in the east above the sun, to the stationary 
point in the west above the sun, and thus the period, 
584 days, from station to station, became known. 

The discovery of one planet led the way to the 
rapid discovery of several others. If we may judge 
of their order by their brilliancy, Jupiter was the 
second wanderer revealed among the stars. Then 
followed Mars, and Saturn, and after a long inter^- 
val Mercury was detected, hovering near the sun, 
and imitating the curious motions of Venus. 

Here the progress of planetary discovery was 
suddenly arrested, keen as was the vision of the 
old astronomer, long and patient as waa his scru- 
tiny, no depth of penetration of unaided vision 
could stretch beyond the mighty orbit of Saturn, 
and the search was given over* — A close examina- 
tion of the planets revealed many important facts. 
Three of them. Mars, Jupiter, and Saturn, were 
found to perform the circuit of the heavens, like 
the sun and moon, and in the same direction ; 
with this remarkable difference, that while the 
sUn and moon moved steadily and uniformly in the 
c 2 
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same direction, the planets occaeionally slack^ied 
their pace, would then stop, move backwards on 
their track, stop a^in, and finally resume their 
onward motion. Their periods of revolution were 
discovered hj marking the time which elapsed, 
after setting out from some brilliant and well 
known fixed stiu*, until they should p^orm the 
entire circuit of the heavens, and once more return 
to the same star. The times of revolution were 
found to difier widely firom each other ; Mars re- 

Suiring about 687 days, Jupiter 4,332 days, and 
latum 10,759 days, or nearly thirty of our years. 

The planets all pursued their journies in the 
heavens, amcm^ the same constellations which 
marked the pal£s of the sun and moon, saii hence 
these groups of stars ooncratrated the greatest 
amount of attention among the early astronomers, 
and becsmie distinguidied from all tiie others. 

Whatever light may be shed upon antiquity by 
deciphering the hieroglyphic memorials of the 
past, there is no hope of ever going &r Plough 
iMkck, to reach even the nation to which we are 
indebted for the first rudim^its of the science of 
the stars. 

Thus &r in the jNrosecution of the study of the 
heavens, the eye and the intellect had accom- 
plished the entire work. Bapidly as we have 
sketched the progress of early discovery, and short 
as may have oeen the period in which it was ac- 
complished, no one cim fail to perceive, how vast 
is the difference between the lignt that thus early 
broke in upon the mind, heral(Ung the coming of 
a brighter day, and the deep and universal durk- 
ness which had covered the world, before the 
dawn of science. Encouraged by the success 
which had thus far rewarded patient toil, the mind 
of man pushes on its investigations deeper and 
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deeper into the domain of the mysterious and 
unknown. 

In watohing the annual revolution of the sun 
anKmg the fixed stsurs, one remarkable peculiarity 
had long been recognised. While the interval of 
time, firom the rising to the setting of the stars, 
was ever the same at all seasons of the year, the 
interval from the rising to the setting of the sun, 
was perpetually changing, passing through a cycle 
whi(m required exactly one year fi>r its comple- 
tion. It became manifest that the sun did not 
prosecute its annual journey among the stars, 
in a circle parallel with those described by tbe 
stars, in their diurnal revolution. His path was 
oblique to those circles, and while he participated 
in weir diurnal motion, he was sweeping by his 
Minaal revolution round the heavens, and was at 
the same time, by another most extraordinary 
mov^nent, carried towards tbe nordi to a certain 
distance, then stepping, commenced a return to- 
wards the south, — reached his southern limit,'r— 
again changed bis direction, and thus oscillated 
firom one side to the other oS his mesm position. 

These wonderftil changes became the objects of 
earnest invesd^atiaa. In i^dbat curve did the sun 
travel among &b stsurs i All diurnal motion waa 
performed in a m<Ae^ thd first discovered, the sim- 
plest and the most beautiful of curves : wd in this 
curve, analogy tau^ the early astroncmiers, that 
all jcelestial movements must be perfi^rmed. It 
became, tberelbre, a matter of deep interest, to 
trace the snn's path accurately among tbe i^rs, to 
mark his track, and to see whether it would not 
{ffove to be A circle. To accomplish this, more 
aoeurate me^s must be adopted, than tbe mer« 
watching of the stars whi^ attended th^ rising 
or setting sun. The increase and decrease of tbe 
shadow of some high pointed rock, to whose re- 
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freshing shade the shepherd astronomer had 
repaired in the heat of noon, and beneath which 
he had long pondered this important problem, first 
suggested the means of its resolution. As the 
sun became more nearly vertical at noon, the 
shadow gave him less and less shelter. Watching 
these noon shadows, from day to day, he found 
them proportioned to the sun's northern or southern 
motion, and finally the thought entered his mind, 
that these shadows would mark with certainty, the 
limits of the sun's motions north and south, — ^the 
character of his orbit or route among the stars, — 
the changes and duration of the seasons, and the 
actual length of the year, which thus far had been 
but roughly determined. To accomplish the ob- 
servations more accurately, an area on the ground 
was smoothed and levelled, and in its centre a 
vertical pole was erected some ten or fifteen feet in 
length, whose sharp vertex cast a well defined 
shadow. And here we have the first astronomical 
instrument, the gnomon, ever devised by the inge- 
nuity of man. Simple as it is, by its aid the 
most valuable results were obtained. 

The great point was to mark with accuracy the 
length of the noon-day shadow, from month to 
month, throughout the entire year. Four re-, 
markable points in the sun's annual track, were 
very soon detected and marked. One of these 
occurred in the summer, and was that point 
occupied by the sun on the day of the shortest 
noon shadow. Here the sun had reached his 
greatest northern point, and for a few days the 
noon shadow, cast by the gnomon, appeared to 
remain the same, and the sun stood still. The 
noon shadows now increased slowly, for six 
months, as the sun moved south, till a second 
point was noted, when the noon shadow had 
reached its greatest length. Again it became 
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stutionary, and again the sun paused and stood stilly 
before commencing his return towards the north. 
These points were called the summer and winter 
solstices^ and occured at intervals of half a year. 
At the summer solstice, the longest day occurred, 
while at the winter solstice, the shortest day was 
always observed. These extreme differences be- 
tween the length of the day and night, occasioned 
the determination of the other two points. From 
the winter solstice, the noon shadows decreased 
as the length of the day increased, until finally 
the day and night were remarked to be of eqtuxl 
length, and the distance to which the shadow of 
the gnomon was thrown on that day, was ac- 
curately fixed. If on this day the diurnal circle 
described by the sun, could have been marked in 
the heavens by a circle of light, sweeping from the 
east to the west, so that the eye might rest upon 
and retain it, and if at the same time the sun's 
annual path among the fixed stars could have been 
equally exhibited in the heavens, by a circle of 
light, these two circles would have been seen to 
cross each other, and at their point of crossing, the 
sun would have been found. The diurnal circle 
was called the equator ^ the sun'^s path the ecliptic^ 
and the point of intersection was called appro- 
priately, the equifwx. — As the sun crossed the 
equator in the spring and autumn, these points 
received the names of the vernal and autumnal 
equinoxes^ and were marked with all the precision 
which the rude means then in use rendered 
practicable. 

The bright circle already imagined in the hea- 
vens to represent the suu^s annual track among 
the stars, passed obliquely across the equator, and 
the amount by which these circles were inclined 
to each other was actually measured, in these early 
ages, with no mean precision, by the noon shadows 
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of the gnomon. The ray casting the shortest nocm 
shadow, was inclined to the ray forming the long- 
est noon shadow, under an an^Ie precisely double 
of the inclination of the ecliptic or sun^s path to 
the equator, and the inclination of these two rays 
marked exactly the annual motion of the sun from 
south to noriii, or from north to south. A close 
examination of the order of increase and decrease 
in the length of the noon shadows cast by the 
gnomon, demonstrated the important truth already 
suspected, that the sun'*s path was actually a cirde^ 
but inclined, as has already been shown, to the 
diurnal circles of the stars and to the equator. 

Sy counting the days which elapsed from the 
fiummer solstice to the summer solstice again, a 
knowledge of the length of the year, or period of 
the sunn's revolution, was obtained. But here 
again a discovery was made which produced an 
embarrassment to the early astronomers, which all 
their perseverance and research never succeeded in 
removing. 

In these primitive a^efi the heavenly bodies 
were regarded with feelings little less than the 
reverence we now bestow on the Supreme Creator. 
The sun especially, as the Lord of Ujfe and ligbb, 
was regarded with feelings nearly approaching to 
adoration, even by the astronomers themselves* 
The idea early hetmae fixed, Ihat the chief of the 
celestial bodies must move with a uniform velodty 
in a circular orbit, never increasing or iecxestmg, 
CSian^e being inconsistent with the supreme and 
dignified station which was assigned to him-^ 
what then must have been the astonishment of 
the primitive astronomers, who in counting the 
days from the summer to the mnter fioliN;i6e» and 
mm the winter round to tiw Bummer solstieQ, 
these intervals were found to be unequal^ — This 
almost incredible result was confirmed, by remiyrk- 
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lag that the diorter spaoes from equinox to sol* 
stioe, dividing the sun's annual route, into four 
equal portions, were passed over in unequal times. 
These results could not be doubted, for each obser- 
vation, from year to year, confirmed them. They 
w^e received and recorded, but the problem 
was handed down to succeeding generations for 
solution. 

In consequence of the oblique direction of the 
ecliptic or sun's track, it was found difficult to 
retain its position in the mind. To assist in the 
recurrence to this important cirqle, a brazen circle 
was at length devised, and fastened permanently 
to another brazen circle of equal size, under an 
angle, exactly ecpial to the inclination of the 
equator to the ecliptic. Circles, perpendicular to, 
the equator, and passing dirough the solstices and 
equinoxes, completed the second astronomical 
ii^trument, tke sphere. Having constructed this 
simple piece of machinery, it was mounted on an 
axis passing through its centre, and perpendicular 
to its equat(H*, so as to revolve, as did the heavens^ 
whose motions it was intended to represent. 
Having so placed the axis of rotation, that its 
prolcmgation would pass through the north stur, 
this rude sphere came to ^y a most important 
part in foture investigations of the heavens. Its 
brazen equator and ecliptic were each divided into 
a certain number of equal parts, by reference to 
which the motion of the heavenly bodies might 
be followed, with &r greater precision, than had 
ever been previously obtained. 

Armed with a new and more perfect instru- 
ment, the astronomer resumes his great investiga- 
tion. Finding it now possible to mark out 
the sun's path in the heavens with certainty, 
by his brazen ecliptic, he discovers diat tiie mooa 
and planets in each revolution pass across tlie 



56 STRCJCTUKE OF THE UNIVEKSE. 

sun's track, and spend nearly an equal amount of 
time on the north and south sides of the ecliptic. 
This discovery led to a more accurate determina- 
tion of the periods of revolution of the planets. 
The interval was noted from one passage across 
the ecliptic to the next on the same side, and 
these intervals marked with accuracy the planetary 
periods. It now became possible to fix, with 
greater certainty, the relative positions of the sun 
and moon, and problems were once more resumed 
which had thus far baffled every effort of human 
genius. The phases of the moon, the very first 

Eoint of investigation, had never yet yielded up its 
idden cause, and those terrific phenomena, solar 
and lunar eclipses, which had long covered the 
earth with terror and dismay, were wrapped in 
mystery, and their explanation had resisted the 
sagacity of the most powerful and gifted intellects. 
No one has ever witnessed the going out of the 
sun in dim eclipse, even now when its most mi- 
nute phenomena are predicted with rigorous ex- 
actitude, without a feeling of involuntary dismay. 
What then must have been the effect upon the 
human mind in those ages of the world, when the 
cause was unknown, and when these terrific ex- 
hibitions burst on earth'*s inhabitants unheralded 
and unannounced ? Here then was an investiga- 
tion involving the peace and security of man in 
all coming ages. We cannot doubt that the 
causes of the solar eclipse were the first detected. 
It was first observed that no eclipse of the sun 
ever occurred when the moon was visible. Even 
during a solar eclipse, when the sun'^s light had 
entirely faded away, and the stars and planets 
stole gently upon the sight in the sombre and 
unnatural twilight, the moon was sought for in 
vain ; she was never to be seen. This fact excited 
curiosity, and gave rise to a careful and critical 
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examination of the place in which the moon should 
be found immediately after a solar eclipse ; and 
it was soon discovered that on the night following 
the day of the eclipse, the moon was seen in her 
crescent shape very near to the sun, and but a 
short distance from the sun'^s path. By remarking 
the moon^s place, next before a solar eclipse, and 
that immediately following, it was seen that at 
the time of the occurrence of the eclipse, the moon 
was actually passing from the west to the east side 
of the sun^s place, and finally a little calculation 
showed that a coincidence of the sun and moon 
in the heavens took place at the precise time at 
which the sun had been eclipsed. The conclusion 
was irresistible, and the great fact was announced 
to the world, that the sun^s li^ht was hidden by 
the interpmtion of the dark body of the moon. 

Having reached this important result with en- 
tire certainty, the explanation of the moon^s phases 
followed in rapid succession. For it now became 
manifest th^t the moon shone with borrowed lights 
and that her brilliancy came from the reflected 
beams of the sun. This was readily demonstrated 
by the following facts. When the moon was so 
situated that the side next to the sun (the illumi- 
nated one), was turned from the eye of the ob- 
server (as was the case in a solar eclipse), then 
the moon^s surface next to the observer was always 
found to be entirely black. Pursuing her journey 
from this critical point, the mo6n was next seen 
near the sun, in the evening twilight, as a slender 
thread of light, a very small portion of her illumi- 
nated surface being now visible. Day after day 
this visible portion increases, until finally the 
moon rises as the sun sets, ftdl orbed and round, 
being directly opposite the sun, and turning her 
entire illuminated sur&ce towards the eye of the 
observer. By like degrees she loses her light as 
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she approaches, and finally becomes invisible as 
she passes by the sun. From this examination it 
became eyident that the moon was a globular 
body, non-luminous, and revolving in an orbit, 
comprehended entirely within that described by 
the sun, and consequently, nearer to the earth than 
the sun. Having ascertained this &ct, it was con- 
cluded that among all the moving heavenly bodies 
the periods of revolution indicated their relative 
distances from the earth. Hence Mars was re^ 
garded as more distant than the sun, Jupiter xwre 
remote than Mars, and Saturn the most distant, 
as it was the slowest moving of all the planets- 
After reaching to a knowledge of the causes 
producing the eclipses of the sun and the phases 
of the moon, it remained yet to resolve the 
mystery of the lunar eclipse* It was iar more 
difficult to render a satisfactory account of this 
phenomenon than either of the preceding. The 
Ught of the moon was not intercepted by the in- 
terposition of any opaque body, between it and 
the eye of the observer. No such body existed, 
and long and perplexing was the effort to explain 
this wonderful phenomenon. Finally it was ob- 
served that all opaque bodies cast shadows, in 
directions opposite to the source of light. Was it 
not possible that the light of the sun^ falling upon 
the earth, might be intercepted by the earth, and 
thus produce a shadow which might even reach as 
&r as the moon i So soon as this conjecture was 
made, a series of examinations were commenced 
to confirm or destroy the theory. It was at onoe 
seen that in case the conjecture was true, no lunar 
eclipse could occur except when the sun, earth, 
and moon, were situated in the same straight line ; 
a position which could never occur, except at the 
full or new of the moon. It was soon discovered 
that, it was only at the full, that lunar eclipses 
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took place, thus confinning the tmth of the theory, 
and fixing it beyond a doubt that the duadow of 
the earth fiilling on the moon, was the cause oi 
her eclipse. The moon had ahready been shown 
to be non-lnminous, and the moment the interposi- 
tion of the earth, between it and its source of 
light, the sun, cut off its light, it ceased to be 
▼inble, and passed through an eclipse. The 
sphericity of the earth, which had been analogi- 
cally inferred from that of the heavens, was now 
made absolutely certain— ^or it was remarked, that 
as the moon entered the earth's shadow, that the 
track of this dark shadow across the bright sur&ce 
of the moon was always circular^ which was quite 
impossible, for every position, except the earth, 
wluch cast this circular shadow, imould be of a 
globular form. 

Having now attained to a clear and satisfactory 
explanation of the two grand phenomena, solar 
and lunar eclipses, the question naturally arose, 
why was not the sun eclipsed in each revolution 
of the moon ! and how happened it that the moon 
in the Aill, did not always pass through the earth^s 
shadow! An examination of the moon's path 
among the fixed stars gave to these questions a 
dear and positive answer. It found that the sun 
and moon did not perform their revolutions in the 
4ame plane. The moon's route among the stars 
crossed the sun's route under a certain angle, and 
it thus frequently happened, that at the new and 
full, the moon occupied some portion of her orint 
too remote from diat of the sun to render either a 
lunar or solar eclipse possible. 

Biapidly have we traced the career of discovery. 
The toil and watching of centuries have been con- 
densed into a few moments of time, and questions 
requiring ages for their solution have been asked, 
only to be answered. In connexion with the 
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investigations just developed, and as a consequence 
of their . succeissful prosecution, the query arose 
whether in case science had reached to a true 
exposition of the causes producing the eclipse of 
the sun, was it not possible to stretch forward in 
time, and anticipate and predict the coming of 
these dread phenomena ? 

To those who have given but little attention to 
the subject, even in our own day, with all the aids 
of modern science, the predictions of an eclipse, 
seems sufficiently mysterious and unintelligible. 
How then was it possible, thousands of years ago, 
to accomplish the same great object, without any 
just views of the structure of the system, seems 
utterly incredible. Follow me, then, while I 
attempt to reveal the train of reasoning which led 
to the prediction of the first eclipse of the sun^ 
the most daring prophecy ever made by human 
genius. Follow in imagination, this bold inter- 
rogator of the skies to his solitary mountain sum- 
mit — withdrawn from the world — surrounded by 
his mysterious circles, there to watch and ponder 
through the long nights of many — ^many years. 
But hope cheers him on, and smooths his rugged 
pathway. Dark and deep as is the problem, he 
sternly grapples with it, and resolves never to give 
over till victory crowns his eflPorts. 

He has already remarked, that the moon^s track 
in the heavens crossed the sun'^s, and that this 
point of crossing was in some way intimately con- 
nected with the coming of the dread eclipse. He 
determines to watch and learn whether the point 
of crossing was fixed, or whether the moon in each 
successive revolution, crossed the sun^s path at a 
different point. If the sun in its annual revolu* 
tion could leave behind him a track of fire mark- 
ing his journey among the stars, it is found that 
this same track was followed from year to year, 
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and from century to century with undeviating 
precision. But it was soon discovered, that it was 
&r different with the moon. In case she too could 
leave behind her a silver thread of light sweeping 
round the heavens, in completing one revolution, 
this thread would not join, out would wind around 
among the stars in each revolution, crossing the 
sun'^s tiery track at a point west of the previous 
crossing. These points of crossing were called the 
rmofis nodes. At each revolution the node occurred 
further west, until after a cycle of about nineteen 
years, it had circulated in the same direction en- 
tirely round the ecliptic. Long and patiently did 
the astronomer watch and wait, each eclipse is 
duly observed, and its attendant circumstances are 
recorded, when, at last, the darkness begins to give 
way and a ray of light breaks in upon his mind. 
He finds that no eclipse of the sun ever occurs 
unless the new moon is in the act of crossing the 
suns track. Here was a ^rand discovery. — He 
holds the key which he believes will unlock the 
dread mystery, and now, with redoubled ener|fy, 
he resolves to thrust it into the wards and drive 
back the bolts. 

To predict an eclipse of the sun, he must sweep 
forward, from new moon to new moon, until he 
finds some new moon which should occur, while 
the moon was in the act of crossing from one side 
to another of the sun's track. This certainly was 
possible. He knew the exact period from new 
moon to new moon, and from one crossing of the 
ecliptic to another. With eager eye ha seizes the 
moon's place in the heavens, and her age, and 
rapidly computes where she will be at her next 
change. He finds the new moon occurring &r 
from the sun*s track ; he runs round another revo- 
lution ; the place of the new moon falls closer to 
the sun's path, and the next yet closer, until 
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reaching forward with piercing intellectual rigour, 
be at liuit finds a new moon, which occurs pre- 
dselj at the computed time of her passage across 
the sun's track. Here he makes his stand, and on 
the occurrence of that new moon, he announces to 
ihd startled inhabitants of the world, that the sun 
shall expire in dark eclipse. — Bold prediction !-^ 
Mysterious prophet ! with what scorn must the 
unthinking world have received this solenm de» 
dwation. How slowly do the moons roll away, 
and with what intense anxiety does the stem pU* 
losopher await the coming of that day which soall 
crown him with victory, or dash him to the ground 
ia ruin and disgrace. Time to him moves on 
leaden wings ; day after day, and at last hour aft^ 
hour, roll heavily away. The last night is gone— 
the moon has disappeared from his eagle gaze in 
her approach to the sun, and the dawn of the 
eventnu day breaks in beauty on a slumbering 
world. 

This daring man, stem in his faith, climbs alone 
to his rocky home, and greets the sun as he rises 
and mounts ^ heavens, scattering brightness and 
glory in his path. Beneath him is spread out the 
populous city, already teeming with life and acti- 
vity. The busy naming hum rises on the still 
air, and reaches the vratcmng-place of the solitary 
astronomer. The thousands below him, uncon* 
scions of his intense anxiety, buoyant with life, 
joyously pursue their rounds of business, their 
cycles of amusement. The sun slowly climbs die 
heavens, round, and bright, and AiU orbed. The 
lone tenant of the mountain-top almost begins to 
waver in the sternness of his faith, as the rooming 
hours roll away. But the time of his triumph, 
long delayed, at length begins to dawn ; a pale 
and sickly hue creeps over the face of Nature. 
The sun has reached his highest pointy but his 
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8{draidour is dimmed, his light is feeble. At h»t 
it comes ! Blackness is eating away his roond 
di9C,-Kmward with slow but steady pace, the dark 
vml moves, blacks than a thousand nights, — ^the 
gloom deepens, — ^the ghastly hue of death covers 
the universe, — ^the last ray is gone, and horror 
reigns. A wail of terror fills the murky air, — ^the 
clangor of brazen trumpets resounds, — an agony 
of deEn>aAr dadies the stricken millions to the 
ground, while that lone man, erect on his rocky 
summit, with arms outstretched to heaven, pours 
forth die grate&l gushings of his heart to God, 
DriM> had crowned his efforts with triumphant vic- 
tory. Search the records of our race, and point 
me, if you can, to a scene more grand, more beau^ 
tifol. It is to me the proudest victory that genius 
ever won. It was the conquering of Nature, of 
ignorance, of superstition, of terror, all at a single 
UoW) and that blow struck by a single arm. And 
now do you demand the name of this wonderful 
mui I Alas ! what a lesson of the instability of 
«KrtUv finne are we taught in this simple recital ! 
He wno had raised himself immeasureably above 
iiit race,«-^who must have been regarded by his 
fellows as little less than a god, who had inscribed 
his fame on the very heavens, and had written it 
in the sun, with a ^^pen of iron, and the point of 
a diamond,^^ even this one has perished from the 
earth — name, age, country, are all swept into 
oblivion, but his proud achievement stands. The 
monument reared to his honour stands, and though 
the touch of Time has effaced the lettering of his 
name, it is powerless, and cannot destroy the fruits 
of his victory. 

A thousand years roll by : the astronomer 
stands on the watch tower of old Babylon, and 
writes for posterity the records of an eclipse ; this 
record escapes destruction, and is safely wafted 
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down the stream of time. A thousand years roll 
away: the old astronomer, surrounded by the 
fierce, but wondering Arab, again writes, and 
marks the day which witnesses the sun'*s decay. 
A thousand years roll heavily away : once more 
the astronomer writes from amidst the say throng 
that crowds the brightest capital of Europe. 
Record is compared with record, date with date, 
revolution with revolution, the past and present 
are linked together, — another struggle commences, 
and another victory is won. Little did the Baby- 
lonian dream, that he was observing for one who, 
after the lapse of 3000 years, should rest, upon 
this very record, the successfiil resolution of one 
of nature'^s darkest mysteries. 

We have now reached the boundary where the 
stream of discovery, which we have been tracing 
through the clouds and mists of antiquity, begins 
to emerge into the twilight of tradition, soon to 
ilow on in the clear light of a history that shall 
never die. Henceforth our task will be more 
pleasing, because more certain; and we invite 
you to follow us as we attempt to exhibit the 
coming struggles and Aiture triumphs of the 
student of the skies. 
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CHAPTER III. 

THEOEIES FOE THE EXPLANATION OF THE 
MOTIONS OF THE HEAVENLY BODIES. 

If in tracing the career of astronomy in the primi- 
tive ages of the world, we have been left to pursue 
our way dimly, through clouds and darkness, — ^if 
regrets rise up, that time has swept into oblivion 
the names and country of the early discoverers, in 
one reflection there is some compensation — while 
the bright and enduring truths which they wrested 
from nature have descended to us, their errors, 
whatever they may have been, are for ever buried 
with their names and their persons. We are al- 
most led to believe that those errors were few and 
transient, and that the mind, as ^et undazzled by 
its triumphs, questioned nature, with that humility 
and quiet perseverance, which could bring no 
response but truth. 

In pursuing the consequences flowing from the 
prediction of an eclipse, several remarkaole results 
were reached, which we proceed to unfold. It 
will be recollected, that to produce either solar or 
lunar eclipses, the new or frdl moon must be in 
the act of crossing the sun^s annual track. This 
point of crossing, called the moorCa node^ became 
therefore an object of the deepest interest. Long 
and carefid scrutiny revealed the &ct of its move- 
ment aroimd the ediptio, in a period of eighteen 
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years and eleven days, during which time there 
occur 223 new moons, or 223 full moons. If 
then, a new moon falls on the sun's track to pro- 
duce a solar eclipse to-day, at the expiration of 
223 lunations, again will the new moon fall on 
the ecliptic, and an eclipse will surely take place. 
Suppose then that all the eclipses, which occur 
within this remarkable period of 223 lunations, are 
carefully observed, ana the days on which they 
fall recorded, on each and every one of these days, 
during the next period of 223 lunations, eclipses 
may be expected, and their coming foretold. , 

This wonderful period of eighteen years and 
deven dsys^ or 229 hmations, was known to th^ 
Chaldeans, and by its use eclipse* were predicted, 
more than 3000 years ago. It is likewise hxmA, 
wai(m^ the Hindus, the Obinesev stud the Egyptians, 
nations widely separated on the earth"* siorfaee^ 
and suggesting the idea that it had its origiJi 
' among a people eves anterior to the Gfaald^aai. 
It is now known by the ihhho (^ the Zaroa, or 
Chaldean period. 

Let it not be siapposed that the applieatiott of 
the Zaros to the predietion of eeiipsed, eau in any 
way supersede modern methods.--^ While aaztiqinty 
contented itself with Mmounevng iheday ott wUeh 
the dark body of the moon» sboviM bide the sun^ 
modern science points to the exact second on tint 
dhd, wfadch sbali mark the first delicate eoi»lact of 
the nnooa'^s daark edge with the bvitltant dim «f 
the sun. 

It would be a matter of gfeat hrtetest to fixtbe 
eporA of primitiYe discovery. Though this is im- 
possible,^ its high antiquity is attested by a few 
hatMy to which we will briefiy adverts We find 
aancoig all the ancieirt nations, Chaldeansv PemMit^ 
Hindiis, Chinese, and Egyptiand^ that the sevett 
d»y$ of the week were in universal use^ and wb»t 
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was far mord remarkable, each of these trations 
named the days of the week after the seven planets, 
nmnberin;][ the san and moon among the planets. 
It is moreover found, that the order of naming is 
not that of the distance, velocity or brilliancy of 
the planets, and neither does the first day of the 
week coincide among the different nations ; bnt 
the order once commenced is invariably preserved 
by all. If we compute the probability of such a 
coincidence resulting by accident, we shall find the 
dianoes millions to one against it. We are there- 
fore forced to the conclusion, that the placets were 
discovered, and the seven days of the week devised 
and named, by some primitive nation, from whom 
the ti'adition descended imperfectly, to succeeding 
generations. 

A remarkable discovery, made in the remote 
ages of the world, throws some further light on 
the era of the primitive astronomical researches. — 
Tbe release of the earth froth the icy fetters of 
winter, the return of spring, and the revivification 
of Nature, is a period hailed with uncommon 
Might, in all ages of the world. To be able to 
anticipate its coming, from some ^tronomical 
phenomenon, was an object of earnest investigation 
by the ancients. 

It was found that the sim^s entriance into the 
equinox, reducing to equality the length of the day 
amd night, always heralded the coming of the 
spring. Hence to mark die equinoctial point 
among the the fixed stars, and to note the place of 
8ome brilliant star whose appearance in the early 
naotning dawn, would announce the sun'^s approach 
to the equator, was early accomplished with all 

Gisible accuracy. This star once selected, it was 
ieved that it would remain for ever in its place. 
The sun'^s path among the fixed stars had been 
wtflcbed with success, and it seemed to remain 



68 STBtrcTUBE OF THE 13KIVEB8E. 

absolutely iinchanged, and hence the points in 
which it crossed the equator, for a long while were 
looked upon as fixed and immovable. And indeed 
centuries must pass away before any change could 
become sensible to the naked eye and its rude 
instrumental auxiliaries. But a time arrives at 
last when the bright star which for more than five 
hundred years had, with its morning ray announced 
the season of flowers, is lost. It has failed to give 
its warning — spring has come, the forests bud, the 
flowers bloom, but the star which once gave pro- 
mise, and whose ray had been hailed with so much 
delight by many generations, is no longer found. 
The hoary patriarch recalls the long experience of 
a hundred years, and now perceives, that each suc- 
ceeding spring had followed more and more rapidlv 
after the appearance of the sentinel star. Each 
year the interval from the first appearance of the 
star in the early dawn, up to the equality of day 
and night, but the star remained invisible, and did 
not emerge from the sun^s beams until the equinox 
had passed. 

Long and deeply were these facts pondered and 
weighed. — At length truth dawned, and the dis- 
covery broke upon the unwilling mind, that the 
sutCs path among the fixed stars was a^ctuaUy chang- 
ing^ and that his point of crossing the equator was 
slowly moving backwards towards the west and 
leaving the stars behind. The same motion, only 
greatly more rapid, had been recognized in the 
shifting of the moon^s node and in the rapid mo- 
tion of the points at which her track crossed the 
e(][uator. The retrograde motion of the equinoc* 
tial points, caused the sun to reach these points 
earlier than it would have done had they remained 
fixed, and hence arose the precession of the equi- 
jnooses. 

This discovery justly ranks among the most im- 
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ortant achieved by antiquity. Its explanation 
I infinitely above the reach of human effort at 
that early day ; but to have detected the fact, and 
to have marked a motion so slow and shrouded, 
gives evidence to a closeness of observation worthy 
of the highest admiration. It will be seen here- 
after, that the human mind has reached to a Ml 
knowledge of the causes producing the retrograde 
movement of the equinoxes among the stars. Its 
rate of motion has been determined, and itll vast 
period of nearly twenty-six thousand years has 
been fixed. Once revealed, the slow movement of j' 
the equinox, makes it a fitting hour hand, on the y 
^dial of the heavens, with which to measure the ) 
revolutions of heavens. As the sun's path has 
been divided into twelve constellations, each 
filling the twelfth part of the entire curcuit of the 
heavens, for the equinox to pass the twelfth part 
of the dial, or from one constellation to the next, 
will require a period of more than two thousand 
years. Since the astronomer first noted the posi- 
tion of this hour hand on the dial of the stars, but 
one of its mighty hours of two thousand years, 
has rolled away. In case any record could be 
found, any chiselled block of granite, exhibiting 
the place of the equinox among the stars, at its 
date, no matter if ten thousand years had elapsed, 
we reach back with certainty and fix the epoch of 
the record. 

No such monument has ever been found ; but 
there are occasional notices of astronomical pheno- 
nrana, found among the Greek and Roman poets, 
which at least give colour to conjecture. Virgil 
informs us that '^ The white Bull opens with bis 
golden horns the year."" 



' CandiduB auratis aperit cum oormbus annum, 
Tmavm" 
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Thi» statement we know is not true, if ap- 
plied to the age in which the poet wrote, and 
seems to be the quotation of an ancient tradition. 
If this conjecture be true, this tradition must have 
been carried down the stream of time for more 
than two thousand years, to reach the age in 
which the poet wrote. Although these conjectures 
are vague and uncertain, the frequent allusions to 
the constellations of the zodiac, in the old Hebrew 
Scriptures, and in the works of all ancient writers, 
sufficiently attest the extreme antiquity of these 
arbitrary groupings of the stars. 

In taking leave of the primitive a^s of as^ 
tronomy, and in entering on that portion of the 
career of research and discovery whose history has 
been preserved, let us pause for a moment and 
consider the position occupied by the human 
mind at this remarkable epoch, 

Thus far the eye had done its work faithftilly. 
Through long and patient watching, it had re^ 
vealed the facts, from which reason had wrought 
out her great results. The stars grouped into 
constellations, glittered in the blue concave of a 
mighty sphere, whose centre was occupied by the 
earth. Within this hollow sphere, sun, moon and 
planets, kept their appointed courses, 'and per- 
formed their ceaseless journies. Their wanderings 
had been traced, — ^their pathway in the heavens 
was known, — ^their periods determined, — ^the in- 
clinations of their orbits fixed. So accurately had 
the eye followed the sun and moon, that it had* 
learned to anticipate their relative positions, their 
oppositions and conjunctions, till reaching forward, 
it had robbed the dread eclipse of its terrors, 
and had learned to hail its ' coming - with delight. 
The pathway of the sun and moon among the stars 
had been scaqned and studied, until their slowest 
changes bad been marked and measured. 
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Sueh were the rich fruits of diligence and per- 
Mveranoe which descended from the remote 
natioQS of antiquity. With the advantage of 
these great discoveries and the experience of pre- 
ceding ages, it is natural to expect rapid progress, 
when science found its home among the bold, 
sdbtle, and inquisitive Greeks. He who entertains 
this expectation will meet with disappointment. 
Not tbiat investigations were less constantly or 
perseveringiy conducted, — ^not that less perfect 
means were employed, or less powerful talent 
consecrated to the work ; but because a point had 
been reached of exceeding difficulty. The era of 
d«K»>very from mere inspection was rapidly draw* 
ing to a close. It was an easy matter to count 
the days from full mo<m to frill moon, to watdi 
a planet as it circled the heavens, from a fixed star 
until it returned to the same star again, to marie 
its stopping, its reversed motion, and its onward 
goings ; but it was a far different matter to rise 
to a knowledge of the causes of these stations and 
retrogadations, and to render a clear and satis* 
&etory account of them. The problem now pre- 
sented, was to combine all the facts treasured by 
antiquity, all the movements exhibited in the 
heavens,* and reduce them to simplicity and har- 
mony. The Greek philosophers, from rlato down 
to the extinction of the last school of philosophy, 
recognized this to be the true problem, and 
essayed its solution, with energy and pertinacity 
worthy of the highest admiration. 

Let us now examine the causes which arrested 
the progress of astronomical discovery and held 
back the mind for a period of more than two 
thousand years. Surrounded as we are by the 
frill blaze of truth, accustomed to the simplicity 
and beauty which now reign every where m the 
heavens, we find it next to impossible to reidize 
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the true position of those brave minds, which, 
enveloped in darkness, deceived bj the senses, 
fettered bypreiudice, struggled on and finally won 
the victory, whose fruits we enjo^. 

The most careful and philosophical examination 
of the heavens seemed to lead to the admitted 
truth, that the earth was the centre of all celestial 
motion. In the configuration of the bright stars 
there was no change. From age to age, from 
century to century, immovably fixed in their rela- 
tive positions, they had performed their diurnal 
revolutions around the earth. They were ever of 
the same magnitude, of the same brilliancy. How 
impossible was this, on any hypothesis, except 
that of the fixed central position of the eartn. 
Leaving the fixed stars, an examination of die 
motions of the sun and moon — ^their nearly uni- 
form velocity — their invariable diameters in all 
portions of their orbits, demonstrated the central 
positions of the earth with reference to them. To 
shake a faith thus firmly fixed, sustained by the 
evidence of the senses, consonant with every feel- 
ing of the mind, accordant with fact and reason, 
required a depth of research, and the developement 
of new truths, only to be revealed after centuries 
of observation. 

Every effort, then, to explain the celestial phe- 
nomena, started with the undoubted fact, that the 
earth was the centre of all motion. Thus fiur, 
the mind had not reached the idea of apparent 
motion. If the moon moved, so equally did the 
sun. There was exactly the same amount of 
evidence to demonstrate the reality of the one 
motion, as the other ; neither were doubted. It 
would have been unphilosophical to reject the one 
without rejecting the other. 

The centre of motion once determined, the 
nature of the curve described was so obviously 
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E resented to the eje, that it seemed impossible to 
esitate for one moment. The circle was the 
only re^ar curve known to the ancients. Its 
simplicity, its beauty and perfection, would have 
induced its selection, even had there been a multi- 
tude of curves from which to choose. Its cur- 
vature was ever the same. It had neither 
beginning nor end. It was the svmbol of eter- 
nity, and admirably shadowed forth the eternity 
of the motions to which it gave form. As if 
these considerations had required confirmation, 
every star and planet, the sun and moon, all 
described circles, in their diurnal revolution, and 
it seemed impossible to doubt that their orbitual 
motions were performed in the same beautiAil 
curve. In truth, observation confirmed this con- 
jecture ; and the orbits of all the moving [bodies, 
when prmected on the concave heavens, were 
circles. That this curve, then, should have been 
adopted without doubt or hesitation, is not to be 
wondered at. It came, therefore, to be a fixed 
principle, that in all hypotheses devised to explain 
the phenomena of the heavens, circular motion 
and circular orbits, alone could be employed. 

To these great principles, of the central position 
of the earth, and the circular orbits, we must add 
that of the earth^s immobility. This doctrine 
was undoubtedly sustained by the evidence of all 
the senses which could give testimony. No one 
had seen it move — ^had heard it move — ^had felt it 
move. How was it possible to doubt the evidence 
of the eye, the touch, the ear ? Here, then, was 
another incontrovertible fact, which even the most 
sceptical could not doubt, and which laid at the 
foundation of all effort to resolve the problem 
under examination. 

With a foil knowledge and apppreciation of 
these &cts, we are prepared to enter upon an 
D 2 
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examination of the career of astronomy, up to 
the time when all darkness disappeared before the 
dawning of a day which should never end. The 
early Greek nhilosophers, little fitted by nature 
for close and laborious observation, rather chose to 
gather in travel the wisdom which was garnered 
up in the temples, and among the priests of Dgypt 
and India. Returning to their native country, 
they theorised on the facts they had learned, and 
taught doctrines, which found their only support 
in trains of fanciful or specious reasoning. Thus 
we find Pythagoras mingling the great discoveries 
of antiquity with theories the most vague and 
visionary. While gleams of truth flash occa- 
sionally through the darkness of his doctrines, 
they seem but fortunate guesses. His views were 
sustained by no solid argument, and rapidly sunk 
into forgetfulness. This philosopher is said to 
have fixed the sun in the centre of his planetary 
system, and to have taught the revolution of the 
earth in an orhit ; but to sustain this bold conjec- 
ture, the only reason assigned, was, that fire 
which composes the sun, was more dignified than 
earth, and hence should hold the more dignified 

gsition in the centre. We are not surprised that 
ipparcbus and Ptolemy, the true astronooiers 
among the Greeks, should have rejected a doctrine 
sustained by so futile and absurd a reason. Nicetas, 
a follower of Pythagoras, is aaid to have gone far- 
ther than his master, and to have adopted the idea 
that the revolution of the heavens, was an appear- 
ance produced by an actual rotation of the earth 
on an axis, once in twenty-four hours. This 
extraordinary and almost prophetic announce* 
ment, unfortunately was not sustained by any 
solid argument. It was regarded as a vain dream, 
and soon was lost in oblivion. 
A cr^wd of theoretic philoaopbws filled for a 
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long time the aohools of Greece, contributing little 
to science, and diverting the mind from the onlj 
train of research which could lead to any true 
result. At length a philosopher arose who 
restored investigation to its legitimate channel. 
Hipparchus, abandoning, for the present, all vain 
effort to explain the phenomena of the heavens, 
^ve himself up to close, continuous, and accurate 
observation. He began with the movements of 
the sun in his annual orbit. Bj the construction 
of superior brazen circles, he measured the daily 
motion of the sun during the entire year. He 
confirmed the discovery of the ancients, of the 
irregular or unequal progress of this luminary, 
and fixed that point m the sun*s orbit where it 
moved with greatest velocity. Year after year, 
did this devoted astronomer follow the sun, until 
finally he discovered that the point on the orbit, 
where its motion was swiftest, did not remain 
fixed, but was advancing in each revolution, at a 
very slow rate along the orbit. Having thus 
demonstrated and characterised the irregularity of 
tile sun's motion, he directed his attention to 
minute examinations of the mo<Hi, and reached 
results precisely similar. From these discoveries, 
it became manifest, that in case the motions of 
the smi and moon were circular and uniform, the 
earth did not occupy the exact centres of their 
orbits ; for on this hypothesis any irregularity of 
motion would have been impossible. Here was 
a point gained. The exact central position of the 
earth was disproved in two instances, and even 
the amount ot its eccentricity, or distance from 
the true centre, determined. Retaining the cir- 
cular and uniform motion of the sun and moon, 
the disoov^ed irregularities were tolerably well 
represented by the eccentric position of the earth, 
mm wiiose soriace iJiese motions were measured. 
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While pursuing these important researohes^ 
Hipparchus resolved upon a work of extraordinary 
dimcult^, which had never before been attemptea, 
and which fullj attests the grandeur and sagacity 
of his views. This enterprise was nothing less 
than numbering the stars, and fixing their posi- 
tions in the heavens. This he actually accom- 
plished, and his catalogue of 1081 of the principal 
stars, is perhaps the richest treasure wnich the 
Greek school has transmitted to posterity. We 
cannot too much admire the disinterested devotion 
to science, which prompted this great undertaking, 
and the firmness of purpose which sustained the 
solitary observer, through long years of toil. It 
was a work for posterity, and could yield to its 
author no reward during his life. Gonscious of 
this, his resolution never faltered, and grateful 
posterity crowns his memory with the well-earned 
title of Father of Astronomy. The noble example 
thus set by Hipparchus, was not lost on Ptolemy, 
justly the most distinguished among his imime- 
diate successors. An ardent student, a dose 
observer, a patient and candid reasoner, Ptolemy 
collected and digested the discoveries and theories 
of his predecessors, and transmitted them, in con- 
nection with his own, successftiUy to posterity. 
Bejecting the absurd doctrine of the solid crystal 
spneres of Eudoxus, and the unsustained notions 
of Pythagoras, this bold Greek undertook the 
resolution of the great problem, which Plato had 
long before presented, and to accomplish which, 
so many unsuccessful efforts had been made. 

After a careftd examination of all the facts and 
discoveries, which the world then possessed, adding 
his own extensive observations, Ptolemy pro- 
mulged a system which bears his name, and whidi 
endured for more than fourteen hundred years. 
He fixed the earth as the great centre, about whidb 
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the sun, the moon, the {)lanets, and the stany 
heavens, revolved. Betaining the doctrine of uni* 
form circular motion, he accounted for the irregu- 
larity in the movements of the sun and moon by 
tho eccentric position of the earth in their <^bits. 
To explain the anomalous movement of the pla- 
nets, he devised the system of cycles and epicycles. 
Every planet moved uniformly in the circumference 
of a small circle, whose centre moved uniformly 
in the circumference of a large circle, nesu* whose 
centre the earth was located. By this ingenious 
theory, it was shown that a planet moving in the 
circumference of its small circle might appear to 
retrograde, to become stationary, and finallv to 
advance among the fixed stars. Thus were all the 
phenomena known to the Greek astronomer, so 
satis&ctorily accounted for, that it even became 
possible firom this singular theory, to compute 
tables of the planetary motions, from which meir 
places could be predicted with such precision, that 
the error, if any existed, escaped detection by the 
rude instruments then in use. 

While the explanation of the celestial pheno- 
mena had constituted the principal object of the 
Greek astronomers, some rude efforts were comr 
menoed to determine the magnitude of the earth, 
and relative distances of the sun and moon. The 
process adopted by Eratosthenes, two thousand 
years ago, to determine the circumference of the 
earth, and its diameter, is essentially the same now 
employed by modern science. The results reached 
by the Greek astronomer, owing to an ignorance 
of the exact value of his unit, are lost to the world. 

When astronomy was banished from Greece, it 
found a home among the Arabs. When darkness 
and gloom wrapped the earth through ten long 
centuries, and human knowledge languished, and 
art died, and genius slumbered, it is a remarkable 
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fiust, that aetronomy during that long period of 
ignorance, instead of being lost, was actnallj slowly 
advancing, and when the dawn of learning once 
more broke on Europe, the astronomy of the Greeks, 
improved by the Arabs and Persians, was pre- 
served in the great work of Ptolemy, and trans- 
mitted to posterity. 

It is true that no change had been wrought in 
the Greek theory, but observations had been mul- 
tiplied and slow changes measured, which pre- 
pared the way for the discoveries which were soon 
to succeed. On the revival of learning in Europe, 
the literature and science of the Greeks and 
Bomana rapidly spread, and gained an astonishing 
ascendancy over tne human mind. Indeed, theirs 
wai^ the only science, the only wisdom. Time 
honoured, and venerable with age, the philosophy 
of Aristotle, the geometry of Euclid, and the 
astronomy of Ptolemy, filled the colleges and uni- 
versities, and fastened itself upon the age, with a 
tenacity, which permitted no one to question or 
doubt, and which seemed to defy all further pro- 
gress.— Such was the state of science and the 
world, when Gopernicus consecrated his genius to 
the examination of the heavens. 

To a mind singularly bold and penetrating, 
Copernicus united habits of profound study and 
severe observation. Deeply read in the received 
doctrines of science, he examined with the keenest 
interest, every hint which the philosophers of 
antiquity had left on record concerning the system 
of nature. For more than thirty years he watched, 
with unceasing perseverance, the movements of 
the heavenly bodies. By the construction of 
superior instruments, he compared the observed 
places of the sun, moon and planets, with th^r 
positions computed from the best tables founded 
on the theory of Ptolemy. The hypothesis of 
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uniform ciroular motion, btd originally been 
adopted, to preserve the simplicity of nature, and 
with true philosophy. But as one irregularity 
after another had heen discovered in the move^ 
ments of the heavenly bodies, each of which must 
be explained on the circular hypothesis, one cirda 
bad been successively added to another, eccentrics 
and epicycles, equants and differents, until to pre^ 
serve simplicity, the system had grown to the most 
extravagant complexity. The primitive idea of 
simplicity was a just one, founded in nature, and 
adopted m reason. But after thirty years of vain 
effort to harmonize the phenomena of the heavens 
with the theory of Ptolemy, aftier entangling him- 
self in a maze of complexity in his effort to pre- 
serve simplicity, Copernicus was at last driven to 
doubt, and doubt soon grew into disbelief. By a 
close examination of the motions of Mercury and 
Venus, he found that these planets always accom- 
panied the sun, participated m its movements, and 
never receded from it except to limited distanoes. 
The uniformity of their oscillations, from the one 
side to the other of the sun, suggested their revo* 
lution about that luminary, in orbits, whose 
planes passed nearly through the eye of tlie 
observer. The Egyptians had reached to this doc^ 
trine, had communicated it to Pythagoras, who 
taught it to his countrymen, nearly two thousand 
years before the time of Copernicus. 

If then simplicity imperiously demanded the 
abandonment of the earth as the great centre of 
motion, in the search of a new centre, a multdtude 
of circumstances pointed to the sun. It was the 
largest and most brilliant of all the heavily 
bodies. It gave light to the moon and planets. 
It gave lifb to the earth and its inhabitants. It 
was certainly accompanied by two satellites, and 
above all, it was so related to the earth, that if 
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motion in the one was abandoned, it must instantly 
and without a moment^s hesitation, be transferred 
to the other. Long did the philosopher hesitate, 
perplexed with doubts, surrounded by prejudice, 
embarrassed with difficulties, but finally rising 
superior to every consideration save truth, he 
quitted the earth, swept boldly through space, and 
planted himself upon the sun. With an imagina- 
tion endowed with the most extraordinary tenacity, 
he carried with him all the phenomena of the 
heavens, which were so familiar to his eye, while 
viewed from the earth. A long train of investi- 
gation was now before him. He commences with 
his now distant earth. Its immobility is gone — 
he beholds it sweeping round the heavens in the 
precise track once followed by the sun. The same 
constellations mark its career, the sa^e periodic 
time, the same inequalities of motion ; all that the 
sun has lost the earth has gained. 

Thus far the change had been without results. 
He now gives his attention to the planets. Here 
a most beautiful scene broke upon nis senses. The 
complex wanderings of the planets, their stations, 
their retrograde motions, all disappeared, and he 
beheld them sweeping harmoniously around him. 
The earth, deprived of her immobility, started in 
her orbit, joined her sister planets, and gave per- 
fection to the system. The oscillations of Mercury 
and Venus were converted into regular revolutions, 
still holding their places ne2u*est to the sun ; then 
came the earth, next Mars, and Jupiter, and last 
of all Saturn away in the distance, slowly pur- 
suing his mighty orbit. All were moving in the 
same direction, their paths filling the same belt of 
the heavens. 

Charmed with this beautiful scene, the philoso- 
pher turns to an examination of the moon. Was 
she, too, destined to take her place among the 



MOTIONS OP THB HEAVENLY BODIES. 81 

planets. A short investigation revealed her true 
character. She could not be a planet revolving 
about the sun interior to the earth^s orbit, for if 
so she would have imitated the oscillations of 
Mercury and Venus. She was not a planet 
revolving around the sun, exterior to the oroit of 
the earth, for in that case she must have imitated 
the stations and retrogradations of Mars, Jupiter, 
and Saturn. The invariability of her diameter as 
seen from the earth, joined to these considerations, 
established the ^t of her secondary character, 
and like a favourite minister who acpompanies his 
dethroned monarch in his exile, so aid the &ithM 
moon cling to the earth and follow it in its wan- 
derings through space. 

Such is the beautiful system wrought out by 
the great Polish philosopher. Far from perfect, 
it was founded in truth, and although improve- 
ment might and must come, revolution could 
never shake its firm foundation. While the more 
prominent irregularities in the planetary motions 
were removed by constituting the sun the centre 
of motion, there yet remained an increase and de- 
crease in the orbitual velocities of all the planets, 
now including the earth among the number, which 
were inexplicable. The planets did not revolve, 
then, in circles, whose exact centre was occupied 
by the siin. The moon's orbit was not a circle, 
whose exact centre was the earth ; and to explain 
these unfortunate irregularities, Copernicus, cling- 
ing to circular motion, as the world had done for 
2(K)0 years, was driven to adopt the same expe- 
dients which characterized the theories of Ptolemv : 
the eccentric and epicycle were fastened upon tne 
new system of astronomy. Yet another difficulty 
embanrassed the mind of Copernicus. In giving 
to the earth a rotation on its axis once in twenty- 
four hours, he explained the apparent revolution 
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of the stury heaveni. This axis of rotation, it 
was readily seen, must ever remain parallel to 
itself in the annual revolution of the earth in its 
orbit. Being in this way carried round such a 
T«et circumference, the prolongation of the axis 
ought to pierce the northern heavens in a series of 
points which would form a curve so long as not to 
escape detection. But no such curve appeared, 
the north pole of the heavens, scrutinized with 
the most delicate instruments, preserved its post" 
tion, immoveably throughout the entire revolution 
of the earth ip^ its orbit, and to escape from dris 
difficulty there was no alternative but to admit 
tiiat the distance of the sphere of the fixed stars 
yv^ so great that the diameter of the earth's orbit, 
equal to 200,000,000 . of miles, was absolutely 
nothing, when compared with that mighty 
distance. 

Under these circnnnstances, it is not wonderful 
that Gopernicus should have promulged his system 
with extreme diffidence and only after long delay ; 
indeed his great work, setting forth his doctrines, 
was never read by its author in print, and only 
reached him in time to cheer his dying moments. 

We cannot then be surprised, that the new 
system was received with doubt and distrust, or 
rather that it was for a long while absolutely 
rejected. — The progress of truth is ever slow, while 
error moves with rapid pace. The reason is ob^ 
vious. — Error is seized by a class of minds, which 
asks no evidence ; while the researches for truth, 
adopt it only after the most deliberate examination. 

But the revolution had been commenced. A 
few bold minds were struck with the simplicity 
and beauty of the conjectures of Copernicus ; and 
when the exigencies of the age demand genius, it 
seems to rise spontaneously. The mind had pep<* 
severed in a system founded in reason, and which 



notbiog short of ^bis very persevemnce could Iwre 
d6m9ns|;nM:6d to be erronaous. Like the trsFeller, 
who is uncertain wbieb of two roads to take, h» 
re^ts, reasons, wi decides, and even if his ohmce 
be a wropg one, it would be folly to stop before 
fiiUy convinced that be had chosen erroneously. 

But the miud i9 onoe again in the path of truth; 
and after wandering twenty long centuries in dark- 
ness, which grew darker and deeper, the change 
from darkness to light gives vigour to its move^ 
ments, and its future achievements are destined to 
be rapid and glorious, 

Here let us pause fiw a moment, on the boou'- 
dary which divides ancient froni modern soienne, 
aod glance at the collateral circumstiuioes whi^b 
were found to njodify and retard the investigations 
which had commenced. The old doctrines of pbi^ 
losopby and astronomy, had become intimacy 
interwoven with human society. Ptolemy, and 
Plato, and Aristotle, were regarded with a sort q£ 
reverential awe. Even the church, not following, 
but leading the world in this profound pespect for 
ancient philosophy, pronounced the doctrines of 
Ptolemy in accordance with the revelations of 
scripture, and girdled them with the fires of per- 
secution, through which alone their sacredneea 
could be attacked. Thus entrenched and defended 
by prejudice, by society and by religion, none but 
tne ntost daring spirit would enter the conflict 
a|[ainst such unequal odds. Conscious of these 
difficulties, Copernicus had wisely avoided collision, 
and gave bis doctrines to the world with such cau- 
tion as not to provoke attack. But this armed 
neutrality could not long endure. If the new 
doctrine were founded in error, left to itself it 
would never advance, and would soon quietly sink 
into oblivion* On the contrary, should it prove 
to be baaed upinot tiruth, no power could arrest its 
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progress, or stay its developement. The contest 
must come sooner or later, and demanded in those 
who should battle for the truth the rarest qualities. 
Copernicus had merely commenced the exami- 
nation of this bold conjecture. A life time was 
too short to accomplish more. He had trans- 
ferred the centre of motion from the earth to the 
sun, and rested the truth of his hypothesis on a 
diminished complexity in the celestial phenomena. 
In case the true centre had been found, it now 
remained to determine the exact curves in which 
the planets revolved, the laws regulating their 
motion, and the nature of the bond which, it was 
now suspected, united the planetary worlds into 
one great system. The resolution of these pro- 
found questions was reserved for Kepler^ who has 
without flattery been termed the legislator of the 
heavens, and who has earned the reputation of 
being firsd in fact and first in genius among 
modern astronomers. He united in the most 

Serfect manner, all the qualifications of a great 
iscoverer. Ardent, enthusiastic, and subtle, he 
pursued his investigations with a keen and restless 
activity. Patient, laborious, and determined, 
difficulties shrunk at his approach, and obstacles 
melted before him. Unprejudiced and pious, he 
sought for truth in the name, and invoking ever 
the guidance of, the great Author of truth. If 
his tneories were not actually deduced from &cts, 
when formed, no test was too severe, and nothing 
short of a rigid coincidence with fact could satisfy 
the' exacting mind of this wonderful genius. 
Realizing fully the difficulty and importance of 
the researches before him, once commenced his 

Eerseverance knew no limit, and the fertility of 
is imagination was utterly inexhaustible. 
Such was the man to whom the interests of 
science at this critical juncture were committed 
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Haying adopted as an hypothesis, the central 
position of the sun, and the revolution of the earth 
and planets around this centre, he determined to 
discover the true nature of the planetary orbits, 
and find if possible, some single curve which 
would explain the orbitual motions of the celestial 
bodies. To accomplish this difficult enterprise, 
Kepler wisely determined to confine his effi^rta 
and investigations to one single planet, and Mars 
was select^ as the subject for experiment. He 
commenced by a rigorous comparison between the 
observed places of the planet and those given by 
the best tables which could be computed by the 
circular theory. Sometimes the predicated and 
observed places agreed well with each other, and 
hope whispered that the true theory had been 
found; but pursuing the planet onward in its 
sweep around the sun, it would begin to diverge 
from its theoretic track, its distance would increase 
until it became evident that the theory was false 
and must be abandoned. 

Nothing daunted, the ardent philosopher con- 
soled himself with the thought, that among all 
possible theories which the mind could fiume, 
one had been stricken from the list, and a dimi- 
nished number remained for examination. This 
was a new mode of research, and in case the 
number of theories was not too great, and the pa- 
tience of the philosopher sufficiently enduring, a 
time would come, sooner or later, when success 
would reward his labours^ Thus did Kepler toil 
on, subjecting one hypothesis after another to the 
ordeal of rigid experiment, until no less than nine- 
teen had been tested with the utmost severity, and 
all were rejected. Eight years of incessant labour 
had been devoted to this examination. He had 
exhausted every combination of circular motion 
which the fertility of his imagination could sug- 
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g0Bt. They had ail utteirty finled. — The cfaartn 
vnm ended^ and be finally bFoke away from tbe 
fiwehiaticrti of this beaatiful curre, which for five 
tboaiand years had 8o bewildered tbe human mind, 
and boldly prononneed it impossible to explain the 
planetary motions with any cirenlar hypothesis.-^ 
This at least was a great negatire triumph. If he 
had not found the curve in which the planets r»- 
ftdved, be had found what it could not be, and 
released from all ftiture embarrassment from ee^ 
oentncs and epicycles, he now pursued a \oftj and 
independent train of invcBtigation. 

Leaving for ever the circle, the next svftipk 
eurve is called ther ellip^, an oval figorey which 
wlien but little flattened^ very nearly resemblee 
tbe circle in form, but enjoys very different pro- 
perties. All diameters of a circle are equal. The 
diameters of an ellipse are unequal. The centre of 
the circle is equally di9tant from a}l poinds on tbe 
€m:^umf<M*e{ice. No sucdi point exists in the 
ellipse ; but two curious points are marked on 
hs iong«3t diameter, possessing the remarkable 
property of having the sum of the lines 
joining tbem witii any point of tbe otirve eon- 
stantly e^ual to the longest diameter. Each of 
these pomts is called a focus. This beautiftil 
cnrve, with its singular properties, h»d been disco^ 
vered by the Oreek mat^fematicione ; bnt not 
remarking itd use in nature, it bad hitherto been 
regarded only as sm oVfecft of amtising speculation. 
To this curve did Keplef apply, when driven 
ftom tbe cifcudar hypothesis, af^d again comnfvenced 
his system of forming hypotheses, and hunting 
them down, as be termed his scmtmising process. 
As hi the circular hypothesis the sun had at first 
been located in the centre, so in commencing the 
etliptic theory, tbe centre of the longest diameter 
was made the centre of motion. I^oyant with 
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hope^ tbe astronomet sets out to foUow the f>Iaiiel 
aroliad its ^liptic orbit ; but altbou^ {og » short 
dist^uace its movements were well represented, it 
fin^llj broke awaj from the elliptic track, and bid 
defianee to the central hypothesis. But Ke]:^];' 
was not in the least disheartened with his first 
rfTort.*— He now shifts the sun to the focus of the 
ellipse^ constructs bis orbit, starts onete more on 
the track of the planet, watebes it as it sweeps 
onward around the sun, the elliptic orbit holds it 
as it moves, farther «id still farther,^ — Half its 
i^evolution is performed and there is no diverging^ 
onward it flies,— -the goal is won*— Triumph 
crowns the philosopher, the orbit is found ! 

Thus was accomplished one of the most impor- 
tant discoveries which the mind had ever reached^ 
The ellifytie orbit of Mars, rapidly led to those of 
the other planets^ and to that of the moon, atid 
Kepler proclaimed to the world hie first ^eat law, 
m tlM» K)'Ilowing language i^^ Planets revoke m 
elliptic orbits about the sun^ which occupies the 
common focus of aU these orbits. 

This law swept for ever from the heavens and 
frem astronomy those eomplieatioiie whkth h^ 
stood the test of centuries, nay, c^ thousandit of 
years. Their mysterious power was paralysed by 
this single touch of the enchanter's wand, ana 
they fled from the skies. The circle was as simple 
and beautiful as ever, but its divine character was 
gone^ and the gods or angels who had so long held 
&eir abodes in the planets, were exiled from their 
homes. The dawn of modern sci^ce broke in 
beauty on the world. 

Kepler having beeu so singularly rewarded by 
lltts great discovery^ now turned his attMDtioQ to 
an investigation of the first importance, one indeed 
whieh wa» indispensibly neeeaeary to render bis 
first discovery available. As the planets were 



88 ' 8TEUGTURB OF THE UNlVEESfi^ 

now known to revolve in ellipses, and as their 
motion was found by observation to be unequal in 
different parts of their orbits, it became a matter 
of the first consequence to ascertain some simple 
law, regulating the orbitual motion, and by means 
of which a planet might be readily followed, and 
its places computed. To detect this law, in whose 
existence Kepler seems to have entertained the 
most unwavering faith, a figure was drawn re^Nre- 
senting the orbit of Mars, the sun occupying one 
of the foci of the curve. — On the circumference of 
this curve the places of the planets were marked 
down as observation had determined them ; and 
here commenced a series of examinations which 
finally led to the knowledge of the second great 
law of the planetary motions, which may be thus 
announced : — If a line be drawn from the centre 
of the 8un^ to any planet, this line as it is carried 
forward by the planet, mil sweep over equal wreas 
in equal portions of time. This law accorded in 
the most perfect manner with fact, and gave at 
once the power of following, and from the mean 
motion, computing the place of any planet; a 
triumph which all the complexity of older systems 
had failed ever to accomplish. 

Any other mind less adventurous than that of 
Kepler, might have been satisfied with these two 
great discoveries. The precise curves described 
by the planets and a law regulating their motions 
in their orbits, sufficed to render all the ph^io- 
mena of the heavenly bodies not only exphcable, . 
but susceptible of accurate prediction. — There 
seemed nothing more to be added. — Kepler did 
not think so. He conceived the idea that the 
solar system was not a mere assemblage of isolated 
planets revolving about a common centre, but a 
great associated system, in which some com- 
mon bond of union existed, which once found, 
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would present the solar system in a new and 
true lignt. 

This bond he believed existed in some hidden 
relation between the times occupied by the planets 
in describing their orbits, and their distances from 
the sun. In the history of this remarkable re- 
search, we are presented with one of the brightest 
examples of the fruits of perseverance. If some 
power, some* spirit from a brighter world, had 
revealed to the mind of Kepler, the actual ex- 
istence of some relation between the planet's 
Seriods and distances, and had proposed to him to 
iscover this hidden law, there would have been 
been a definite object before the astronomer, and 
to have persevered in the pursuit of this object, 
would have been within the limits of probability, 
even if a lifetime were exhausted in fruitless efforts. 
But to excite in his own mind a faith sufficiently 
strong in the existence of a law of which there 
existed not the slightest evidence, and to have 
persevered in its research for seventeen long years 
of laborious effort, seems almost incredible. 

There is an imme\ise difference between the 
pursuit which resulted in the discovery of the first 
two laws of Kepler, and the third one. In seek- 
ing for the curve described by the planets, it was 
looking for that, which must have an existence ; 
and in tracing the law of a planefs motion, it was 
absolutely impossible to follow a planet, or predict 
its positions, without such a law. But in seeking 
for a bond of union amontr the planetary periods 
and distances, it was a search K)r that, which it 
was believed had no existence, except in the wild 
imagination of this extraordinary philosopher. — 
The history of mind scarcely furnishes an example 
in any degree parallel, if we except perhaps the 
heroic fortitude which marked the career of Go- 
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lumbus. — Yet even the great Genoese was in 
possession of solid facts on which to base his rear 
soning. He saw evidences of the existence of 
another heniisphere, which the superfiksial could 
never realize. Kepler, more bold, more ^nd, 
n>ore sublime, dreamed of nothing less than a 
brotherhood of worlds, a mighty and magnificent 
scheme of vast revolving orbs. Should success 
crown his efforts, the most brilliant ^results would 
follow. The distance of a single planet from the 
sun once obtained, and the periodic time of all 
being known, the distances might then be found 
for each individual in the pntire system, without 
even directing an instrument to the heavens. — 
Here then was a prize to reach which no time, or 
pains, or labour could be misapplied. Its return 
would bfi a hundred fold. 

But wheie was the prize to be sought? Even 
admitting that some common bond did bind the 
circling worlds into one harmonious system, did it 
exist in some hidden relation between their periods • 
of revolutions, their distances, their magnitudes, 
their densities i or was it 'to be sought in some 
analogy between the distances and periodic times ? 
After long and deliberately pondering this great 
problem, Kepler decided that the strongest probar 
bility suggested that the distances of the pknets, 
and their periods of revolution, would in some 
way contain the mysterious bond of union. Here 
then did this daring mind concentrate its energies ; 
and his purpose once fixed, he marches steadily 
fijrward in his research with a courage which* no 
defeat could daunt, and a perseverance which knew 
no limit but success. 

Before announcing the final result, let me ex- 
plain two terms employed in its statement. The 
square of any quantity results by multiplying it 
by itself. The cube comes from multiplying the 
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square by the number. The square of a planet^s 
period, or the cube of its distance, are known the 
moment we know the period, and distance, by 
applying the simple rules of arithmetic. After 
Kepler had exhausted all simple relations between 
the periods and distances of the planets, in no 
degree shaken in his lofty faith, he proceeded to 
try all possible relations between the squsures of 
the periods and distances ;• but with as little suc- 
cess. Nothing daunted, he proceeded to investigate 
the possible relations between the cubes of the 
periods and distances. Here again he was foiled ; 
no law exhibited itself. — He returned ever fresh 
to the attack, and now commenced a series of trials 
involving the relations between the simple periods 
and the squares of the distances. Here a ray of 
hope broke in upon his dim and darkened patn. 

No actual relation existed, yet there was a very 
distant approximation, enough to excite hope. — 
He then tried simple multiples of the periods and 
the squares of the distances — ^all in vain. He 
finally abandoned the simple periods and distances, 
and rose to an examination of the relations be- 
tween the squares of these same quantities. — 
Gaining nothing here, he rose still higher, to the 
cubes of the periods and distances ;— -no success, 
until finally he tried the proportion existing be- 
tween the squares of the periods in which the 
planets perform their revolutions and the cubes of 
their distances firom the sun. — Here was the grand 
secret, but, alas ! in making his numerical com- 
putations, an error in the work vitiated the results, 
and with the greatest discovery which the mind 
ever achieved in his very grasp, the heart-sick and 
toil-worn philosopher turned away almost in de- 
spair from his endless research. 

Months rolled round, and yet his mind with a 
sort of keen instinct, would recur again and again 
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lions of god-like intellect. The domain of the 
mind has been extended wider and wider. One 
planet after another has been added to our system ; 
even the profound abyss which separates us from 
the fixed stars has been passed, and thousands of 
rolling suns have been descried, swiftly flying or 
majestically sweeping through the thronged regions 
of space. But the laws of Kepler bind them all, 
— satellite and primary — ^planet and sun — sun and 
system — all with one accord, proclaim in silent 
majesty, the triumph of the hero philosopher. 



94 



CHAPTER IV. 



DISCOVERY OF THE GREAT LAWS OF MOTION AND 
GRAVITATION. 

The remarkable discoveries vrhich had rev\rarded 
the researches of Kepler, confirmed in the most 
perfect manner the doctrines of Copernicus, flowing 
as they did from his prominent hypothesis, the 
central position of the sun. Having reached to 
the true laws of the planetary motions, the whole 
current of astronomical research was changed. — 
New methods were demanded, and more delicate 
means of observation must bel brought into use, 
before the data could be furnished for new disco- 
veries. Henceforward astronomy could onlyadvance 
by the aid of kindred sciences. Mathematics, op« 
tics, and above all, mechanical philosophy, were 
to become the instruments of future conquests. 

The philosophy of Aristotle, though very far 
from deserving it, wielded quite as extensive an 
influence over the a^e as toe astronomy of Pto- 
lemy. It appears, indeed, that the followers of 
Aristotle regarded their master, as absolutely in- 
fallible, and gave to his doctrines si credence so 
firm, that even the clearest experiments, the most 
undeniable evidence of the senses were sooner to 
be doubted than the doctrines of the divine Greek. 
To attack and destroy a system so deeply rooted in 
the prejudices of the a^e, required a mind of ex- 
traordinary courage and power, a mind deeply 
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imbued with the love of truth, quick in its per- 
ceptions, logical in argument, and iirnl in the hour 
of trial. 

Such a mind was that of the great Florentine 
philosopher, Galileo Galieli^ the senior, friend, and 
contemporary of Kepler. Indeed the exigencies 
of the age seem to have given birth to three men, 
whose peculiar constitutions fitted them for sepa- 
rate spheres, each 9f the highest order, each in 
some measure independent, and yet all combining 
in the accomplishment of the great scientific revo- 
lution. While Tycho^ the noble Dane, immured 
within the narrow limits of his little island, 
watching from his sentinel towers the motions of 
the stars, noting with patient and laborious con- 
tinuity, the revolutions of the sun, moon, and 
planets, was accumulating the materials which 
were to furnish the kieen and inquisitive mind of 
Kepler with the means of achieving his great tri- 
umphs^-Gralileo, with a giant hand, was shaking 
to taeir foundations the philosophic»Ed theories of 
Aristotle, and shaking the world with his grand 
mechanical discoveries. But for the observations 
of Tycho, Kepler'*s laws could not have been re- 
vealed ; — but for the magic tube of Galileo, these 
laws had been the ne fius ultra of astronomical 
science. Thus do we witness the rare spectacle 
of three exalted intellects, contemporaneously put- 
ting forth their diverse talents in the accomplish- 
ment of one grand object. The Dane, the German, 
imd the Italian, divided by language, smd by 
country, united in the pursuit of science and of 
truth. 

Galled to Pisa to discharge the duties of a phi- 
losophical teacher, Galileo was not long in 
detecting the extravagant philosophical errors of 
Aristotle, which had been implicitly received for 
more than twenty centuries. He continued to 
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teach the text of his old master, but it was only 
to expose its unsound and false philosophy to his 
wondering and incredulous pupils. A desecration 
so monstrous, could not long escape exposure and 
punishment. Indeed the Florentine made no secret 
of his teachings. The Aristotelians made common 
cause against the young philosophical heretic, and 
he was warned to desist from his heresy. Galileo 
gave for answer to his opponents, that he was ready 
to relinquish his new views the moment they were 
shown by experiment to be false; on the other hand 
he demanded of them equal candour, and proposed 
to refer the matter in controversy to the tribunal 
of experiment. 

Aristotle, in discussing the laws of falling 
bodies, affirmed the principle, that the velocity 
acquired by any failing body, was in the direct 
proportion of its weight ; and if two bodies of 
unequal weight commenced their descent from the 
same height, at the same moment, the heavier 
would move as many times swifter than the lighter, 
as its weight exceeded that of the smaller body. 
Galileo doubted the truth of this principle, and on 
subjecting it to the test of experiment, he saw in- 
stantly that its variation from fact was as wide as 
it could be. The obvious character of this expe- 
riment, its freedom from all chances of deception, 
and the importance of the principle involved, in- 
duced the young philosopher to select it as the 
test, and to challenge his opponents to a public 
demonstration of the truth or falsehood of their 
old system of philosophy. — The challenge was ac- 
cepted. The leaning tower of Pisa presented the 
most convenient position for the performance of 
these experiments, on which Galileo so confidently 
relied for triumphant demonstration of the error 
of Aristotle ; and thither on the appointed day 
the disputants repaired, each party perhaps with 
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greater confidence. It was a great crisis in the 
history of human knowledge. On the one side, 
stood the assembled wisdom of the universities, 
revered for age and for science, venerable, dignified, 
united, and commanding. Around them thronged 
the multitude, and about them clustered the asso- 
ciations of centuries. On the other, there stood 
an obscure young man, with no retinue of followers, 
without reputation or influence, or station. But 
his courage was equal to the occasion ; confident 
in the power of truth, his form is erect, and his 
eye sparkles with excitement. 

But the hour of trial arrives. The balls to be 
employed in the experiment are carefully weighed 
ana scrutinized to detect deception. The parties 
are satisfied, the one ball is exactly twice^the 
weight of the otheb. The followers of Aristotle 
maintain that when the balls are dropped from the 
top of the tower, the heavy one will reach the 
ground in exactly half the time employed by the 
lighter ball. Galileo asserts that the weights of 
the balls do not affect their velocities, and that the 
times of descent will be equal ; and here the dis- 
putants join issue. — The balls are conveyed to the 
summit of the lofty tower. The crowd assembles 
round the base — the signal is given — the balls are 
dropped at the same instant, and swift descending, 
at the same moment they strike the earth. Again 
and again is the experiment repeated, with uni- 
form results, fxalileo's triumph was complete. — 
Not a shadow of doubt remained ; but far from 
receiving, as he had hoped, the warm congratula- 
tions of honest conviction — ^private interest, the 
loss of place, and the mortification of confessing 
false teaching, proved too strong for the candour 
of his adversaries. — They clung to their former 
opinions with the tenacity of despair, and assailed 
£ 2 
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the now proud and haughty Galileo with the 
bitter feelings of disappointment and hate. 

The war was now openly declared, and waged 
with a fierceness which seems to have excited the 
mind of the young philosopher to the most extra- 
ordinary efforts. Driven from Pisa, by the num- 
bers and influence of his enemies, no suffering or 
danger could drive from his mind the great truths 
which his researches by experiment were constantly 
revealing. His spirit was unbroken, and in retir- 
ing from the unequal contest, he hurled back 
defiance into the face of his conquered, though tri- 
umphant persecutors. 

The mechanical investigations of Galileo, con- 
ducted with clearness and precision, soon led to 
the most important discoveries. He detected the 
law of falling bodies, and showed that the spaces 
described were proportional to the squares of the 
times ; that is, if a body fell ten feet in one second 
of time, it would fall four times as far in two 
seconds, nine times as far in three seconds, and so 
on for any number of seconds. He studied with 
success the subject of the composition of forces, 
and demonstrated this remarkable proposition^ 
which lies at the very foundation of all modern 
philosophy. It may be thus stated : — If a body 
receive an impulse, which singly would cause it to 
move thirty feet in a second, on the line of the 
direction of the impulse, and at the same instant 
another impulse be communicated in a different 
direction from the first, and which, if acting alone, 
would cause the body to move on the line of direc- 
tion of the second impulse forty feet in one second, 
under the joint action of these two impulses the 
body will move in a direction easily determined 
from those of the impulsive forces, and will fly 
with a velocity of fifty feet in the first second <^ 
time. 
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Such is the universal prevalence of this beautiAil 
proposition, that no falling, flying, or nntoving body, 
whether it be the rifle ball, the cannon shot, or the 
circling planet,jis free from its imperious sway. 
Strike the knowledge of this great truth from 
existence, and the magnificent structure which 
modern science has reared falls in ruins at a single 
blow. It is founded in the simple but invariable 
laws of motion, and while these endure, this ele- 
gant discovery of the Florentine philosopher will 
remain as a monument to his sa^city and pene^ 
tration. 

Possessed of such rare (][ualities for philosophic 
research, so free from prejudice, and withal, so 
candid, we cannot but inquire with interest, how 
the mind of Galileo stood affected towards the new 
astronomical doctrines of Copernicus. He had 
early adopted and taught the Ptolemaic system, 
and his ^conversion is so remarkable, and is so cha- 
racteristic of the man, that it cannot be omitted. 
A disciple of Copernicus visited the city of Ga- 
lileo,' and delivered several public lectures to 
crowded audiences on the new doctrines. ♦ Galileo, 
regarding the whole subject as a species of solemn 
fofiy, would not attend. Subsequently, however, 
in conversing with one who had adopted these new 
doctrines, the Copernican sustained his views with 
such a show of reason, that Galileo now regretted 
that he had heedlessly lost the opportunity of at- 
tending the lectures. To make amends, he sought 
every opportunity to converse with the Coperni- 
cans, and remarking that they, like himself, had 
all once been Ptolemaists, and that from the doc- 
trines of Copernicus no one had ever subsequently 
become a follower of the old philosophy, he re- 
solved to examine the subject with the most serious 
attention. * The result may be readily anticipated ; 
the conversion was sudden and thorough ; the old 
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astronomy was abandoned, and the liew convert 
became the great champion by whose ardour and 
unconquerable zeal the strongholds of antiquated 
systems were to be destroyed, and a new and 
truthful one founded. 

Thus far the career of Gtilileo in science had 
been successful and brilliant. He was rapidly 
rising in reputation and influence^ when a fortu- 
nate accident revealed to the world, the appli- 
cations of a principle in optics fraught with 
consequences, which it is impossible to estimate. 
Galileo was informed that Jansen, of Holland, 
had contrived an instrument possessing the extra- 
ordinary property of causing distant cbjects, viewed 
through it, to appear as distinctly as when brought 
near to the eye. The extensive knowledge which 
Galileo possessed of optics, immediately gave him 
the command of the important principle on which 
the new instrument had been constructed. He 
saw at once the high value of such an instrument 
in his astronomical researches, and with his own 
hands commenced its construqtion. 

After Incredible pains, he finally succeeded in 
constructing a telescope, by whose aid the power 
of the eye was increased thirty fold. It is impos- 
sible to conceive the intense interest with which 
the philosopher directed for the first time his 
wonderful tube to the inspection of the heavens. 
When we reflect that with the aid of this magical 
instrument the observer was about to sweep out 
through space, and to approach the moon, and 
planets, and stars, to withm a distance only one- 
thirtieth of their actual distance ; that their size 
was to increase thirty fold, and their distinctness 
in the same ratio, it is not surprising that these 
wonders should have excited the most extravagant 
enthusiasm. Galileo commenced by an examina- 
tion of the moon. Here he beheld, to his inex- 
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pressible delight, the varieties of her surface 
clearly defined, her deep cavities, her lofty moun- 
tains, her extensive plains, were distinctly revealed 
to his astonished vision. Having satisfied himself 
of the reality of these inequalities of the moon'^s 
sur&ce, by watching the decreasing shadows of 
the mountains, as the sun rose higher and higher 
on the moon, he turned his telescope to an exami 
nation of the planets. These objects, which the 
human eye, had never before beheld other than 
brilliant stars, now appeared round and clear and 
sharp, like the sun and the moon to unaided 
vision. On the 8th January, 1610, the telescope 
was for the first time directed to the examination 
of the planet Jupiter. Its disk was clearly visible, 
of a pure and silver white, crossed near the centre 
by a series of dark streaks or belts. Near the 
planet, Galileo remarked three bright stars which 
were invisible to the naked eye. He carelessly 
noted their position with reference to the planet, 
for he believed them to be fixed stars, and of no 
special interest, except to point out the change 
in Jupiter's place. On the following night, 
" induced," as he says, " by he knew not what 
cause,^' he again directed his attention to the same 
planet. The three bright stars of the preceding 
evening were still within the field of his telescope, 
but their positions, with reference to each other, 
were entirely changed, and such was the change, 
that the orbitual motion of Jupiter could in no 
way account for it. Astonished and perplexed, J 
the eager astronomer awaits the coming of the 
following night to resolve this mysterious exhi- 
bition. Clouds disappoint his hopes, and he is 
obliged to curb his impatience. The fourth night 
was fair, the examination was resumed, and again 
the bright attendants of Jupiter had changed — ^his 
suspicions were confirmed — ^he no longer hesitated, 
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and pronounced these bright stars to be moons, 
revolving about the great planet as their centre of 
motion. A few nights perfected the discovery ; 
the fourth satellite was detected, and this astound- 
ing discovery was announced to the world. 

No revelation could have been more important 
or more opportune than that of the satellites of 
Jupiter. The advocates of the Gopernican theory 
hailed it with intense delight ; wnile the sturdy 
followers of Ptolemy stoutly maintained the utter 
absurdity of such pretended discoveries, and urged 
as a sort of unanswerable argument, that as there 
were but seven openings in the head — ^two ears, 
two eyes, two nostrils and the mouth, there could 
be in the heavens but seven planets. The more 
rational, however, saw the earth, by this discovery, 
robbed of its pretended dignity. It ^commanded 
the attendance but of one moon, while Jupiter 
received the homage of no less than tour bright 
attendants. The delighted Gopernicatis saw in 
Jupiter, as a central orb and in the orderly revo- 
lution of his satellites, a miniature; of the sun and 
his planets, hung up in the heavens, and there 
placed to demonstrate to all coming generations, 
the truth of the new doctrines. 

Another discovery soon followed, which it is 
said the sagacity of Copernicus foresaw would 
sooner or later be revealed to human vision. It 
had been urged by the Ptolemaists, that in case 
Venus revolved about the sun, as was asserted by 
Copernicus, and reflected to us the light of that 
luminary, then must she imitate exactly the phases 
of the moon ; when on the side opposite to the 
sun, turning towards her illuminated hemisphere 
she ought to appear round like the moon, while 
the crescent shape should appear on reaching the 
point in her revolution which placed her between 
the sun and the eye of the observer. As these 
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changes were invisible to the naked eye, the objec- 
tion was urged with a force which no argument 
could meet. Indeed it was unanswerable, and 
in case the telescope should fail to reveal these 
changes in Venus, the fate of the Oopemican 
theory was for ever sealed. 

The position of Venus in her orbit was com- 
puted — ^the crescent phase due to that position 
determined — ^the telescope applied, and the eye 
was greeted with an exquisite miniature of the 
new moon. There was the planet, and there was 
the crescent shape lon^ predicted by Copernicus, 
received by him and his followers as a matter of 
faith, now become a matter of sight. The doc- 
trine of Copernicus thus received not only con- 
firmation, but so far as Venus was concerned^ a 
froof so positive that no scepticism could resist, 
t is not my design to follow the discoveries of the 
Florentine philosopher among the planetary orbs. 
These Will be resumed hereaf^r, when we come 
to examine more particularly the physical consti- 
tution of the planets. I have merely adverted to 
those discoveries, which became snecially impor- 
tant in the discussions between the partizans of 
the old and new astronomy. 

Admitting the doctrine of Copernicus, and 
uniting to them the great discoveries of Kepler, 
let us examine the condition of astronomical 
science, ascertain preciselv the point the mind had 
reached, and the nature oi the investigations which 
next demanded its attention. From the first of 
Kepler's laws, the figure of the planetary orbits 
became known, and the magnitude of the ellipse 
described by any planet was easily determined. 
By observing the greatest and least distances of 
any planet from the sun, the sum of these distances 
gave the longer axis of the orbit ; and knowing 
this important line, and the focus, it became a 
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simple matter to construct the entire orbit. The 
line joining the planet with the sun, while the 
planet occupied its shortest or perihelion distance, 
gave the position of the axis of the orbit in space, 
and its plane being determined by its inclination 
to that of the ecliptic, nothing remained to fix in 
space the figure, magnitude, and position of the 
planetary orbits. The next point was to pursue 
and predict the movements of these revolving 
bodies. This was readily accomplished. A series 
of observations soon revealed the time occupied by 
any planet in performing one complete revolution 
in its elliptic orbit. Knowing thus the periodic 
time, and the position of the planet in its orbit at 
any given epoch, the second law of Kepler fur- 
nished the key to its future movements ; its velo- 
city in all parts of its orbit became known, and 
the mind, swift and true, followed the flying 
world in its rapid flight through space. It even 
went further ; it anticipated its changes, and pre- 
dicted its positions, with a degree of certainty only 
limited by the accuracy with which the elements 
of its orbit had been determined. 

The third of Kepler's laws, exhibiting the pro- 
portion between the periodic times and the mean 
distances of the planets from the sun, united all 
these isolated ana wandering orbs into one great 
family. Their periods of revolution were readily 
determined by observation, and an accurate deter- 
mination of the distance from the sun of a single 
planet in the group, gave at once the distances of 
all the remaining ones. The increased accuracy 
of the means of observation would render more 
perfect each successive measure of the earth's dis- 
tance from the sun, and it seemed now that the 
mind might stop and rest from its arduous toil ; 
that scarcely any thing remained to be done. — 
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Tbe solar system was conquered, and the fixed 
stars defied the utmost efforts of human power. 

How widely does this view differ from the true 
one. In fact, the true investigation had not even 
commenced. A height had indeed been gained, 
from whence alone the true nature of the next 
great problem became visible, and standing upon 
this eminence the mii^d boldly propounds the fol- 
lowing questions : — Why should the orbits of the 
planets and satellites be ellipses rather than any 
other curve? What power compelled them to 
pursue their prescribed paths with undeviating 
accuracy ? What cause produced their accelerated 
motion, when coming round to those parts of their 
orbits nearer to the sun ? What power held planet 
and satellite steady in their swift career, producing 
the most exquisite harmony of motion, and a uni- 
formity of results as steady as the march of Time ? 

Here I may be asked, do not such questions 
border on presumption I Are not such inquisito- 
rial examinations touching on the domain of Gt)d's . 
inscrutable providences, and would it not be wiser 
to stop and rest satisfied with the answer to all 
these questions, that, Grod, who built the universe, 

foverns and sustains it by his power and wisdom ? 
)oubtless this answer is true, and in its truth 
man humbly finds his highest encouragement to 
attempt the resolution of the sublime questions 
already propounded for examination. Let us ad- 
mit that the Divine will produces all motion, 
speeds the earth in its rapid flight about the sun, 
guides the planets and their revolving moons, and 
poises the sun himself in empty space, as the great 
centre of life, and light, and heat, to his attendant 
worlds. Is it not reasonable to believe that the 
will of the Omnipotent is exerted according to 
some uniform system, that this system is law, and 
that this law is within the reach of man. To en- 
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eourage this view the simple laws <^ motion bad 
been ab-eady revealed, and as these must exert a 
controlling influence in our future examinations, 
weproceed to unfold them. 

First, then, it was discovered that if any body, 
situated in space and fi*ee to move, receive an im- 
pulse capable of giving it a velocity of ten feet in 
the first second of time, or any other velocity, it 
will move off in the direction of the impulse for 
ever in a straight line, and with undiminished and 
unchanged velocity. The intensity of the primi- 
tive impulse determines the velocity of the body 
which receives it, and the one is precisely propor- 
tioned to the other. Again, in case a moving 
body while pursuing its flight receives an impulse 
in a direction different from its primitive one, its 
new direction and velocity will be determined by 
the direction and intensity of the new impulse, 
according to the principle discovered by Galileo, 
and already explained. Lastly, in every revolving 
.body a disposition is generated to fly from the 
centre of rotation. The body seems urged by some 
invisible force from the centre, and if the velocifey 
be sufficiently increased, no matter how strong the 
bond which unites it to the centre, it will, in the 
end be severed, and the body, freed from its centre, 
darts away in a straight line tangent to its former 
circle of revolution. This power, v/hich urges re- 
volving bodies from the centre of motion is called 
the cmtrifugal force, and is proportioned to the 
squares of the velocity of the revolving body. — 
Hence a cord sufficiently strong to hold a heavy 
ball revolving round a fixed centre, at the rate of 
fijfity feet in a second, would require to have its 
strength increased four-fold, to hold the same ball, 
if its velocity should be doubled. 

These simple laws, derived from a rigorous 
examination of those moving bodies, subject to 
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man's closer scrutiny, extend their swav through 
the remotest regions of space. Are these laws 
necessary qualities of matter ? Why should a 
body, darting away under the action of some im- 
pulsive force, pursue for ever its undeviating direc- 
tion, with imdiminished velocity? This effect 
cannot arise from any necessary property or quality 
of matter. The law might have been different — 
the direction of the moving body might have 
slowly varied — ^the velocity might have increased 
or decreased in any proportion, and vet the flying 
body, so &r as we can understand, have retained 
all its physical qualities and properties. No — 
Divine wisdom has selected these simple and 
beautiful laws from amon^ a multitude, either of 
which might have been chosen. Stretching for- 
ward, therefore, to the examination of the finrce 
by which the planets are retained in their orbits, 
was it not reasonable to expect, that some law 
might be found, governing the application of that 
mysterious power, and in some way proportioned 
to the mass of the moving body, and to the orbit 
which it described in wheeling around the sun,-^ 
That they were held by some invisible power to 
their centre of motion, was manifest from the &o% 
that the centrifugal force, generated by the rapidity 
of their revolution, would have hurled them away 
from the sun, if not opposed and counterpoised by 
some equivalent power lodged in the great centre 
of the planetary orbs. Here was au object worthy 
the highest ambition of the human mind. No 
matter what might be the nature of this force, 
whether it should reside in the sun, or in the 
planet, or in both — ^whether it should prove to be 
a property of matter, or the mere uniform mani- 
festation of the Omnipotent will ; the discovery of 
its law of action would give to the mind the power 
of penetrating the darkest recesses of Nature, and • 
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of rising to a knowledge of the profoundest secrets 
of the universe. i 

Such is the nature of the investigation pro- 
pounded to the powerful intellect of Newton. 
This eminent philosopher, justly regarded as the 
most extraordinary genius that ever lived, neither 
originated the question which he undertook to 
discuss, nor divined the law of force which he 
proposed to demonstrate. When Kepler had 
closed the investigations which led to the dis- 
covery of his three peat laws, his sagacity at once 
suggested to his mmd the existence of some cen- 
tral force, by whose power the planetary move- 
ments were controlled. He had watched the moon 
circling around the earth, he had scrutinized the 
ocean tide, whose crested wave seemed to rise and 
follow the movements of the moon, until he boldly 
announced that some invisible bond, some inscru- 
table power, united the one to the other. He 
even reached the conclusion, that this unknown 
force resided in the moon — that by its power the 
waters were heaved from their beds, and caused 
to follow the moon and imitate its motions. 
Doubtless the solid earth itself felt this myste- 
rious power, and swayed to its influence ; but in 
consequence of the immobility of its particles, its 
effects had, thus far, escaped detection. Thus 
once started on the track, Kepler pursued the 

rulation. He attributed a similar power to 
sun, and extended its controlling innuenee to 
the planets. He went yet farther, and conjectured 
that the law of this unknown force was such that 
it diminished as the squares of the distances at 
which it operated increased. That is, if the inten- 
sity of the power which it exerted on a planet 
where the distance was one hundred millions of 
miles &om the sun, be counted as unity, removing 
the planet to double the distance, or to two hun- 
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dred millions of miles, the sun's influence over 
it would be reduced to one-fourth of its former 
value. 

With Kepler this wonderful conjecture always 
remained without proof. He had placed it on 
record, and succeeding philosophers had treated it 
with greater or less seriousness, according to the 
estimate which they placed upon the sagacity 
of its author. Even if Kepler, himself, had 
attempted the demonstration of this principle — 
the data were as yet wanting, which would have 
rendered its accomplishment possible. The period 
intervening between the time of Kepler and 
Newton had not been left unimproved. Descartes 
had revealed the law of centrifiigal force, and by 
one of those extraordinary strokes of genius — 
occurring once in an age — ^had fastened the irre- 
sistible power of analysis upon geometry, which 
had given to the mind a force and rapidity in the 
investigation of the figure of curves and curvilinear 
motion, which had quadrupled its capacity. By 
repeated eiForts, a more accurate knowledge had 
been obtained of the circumference and diameter 
of our earth, and through this the distance of the 
moon from the earth in the successive points of 
its orbit had been approximated with still greater 
precision. 

With these advantages, Newton gave the ener- 
gies of his mind to the demonstration of that 
principle which had existed with Kepler as a mere 
conjecture. 

Before proceeding to develope the train of rea-' 
soning pursued by the great English astronomer, 
permit me first to prepare the way by a simple and 
perspicuous exhibition of the method employed in 
^determining the diameter of the earth and the dis- 
tance of the moon ; two elements which figure 
conspicuously in the demonstration about to be 



\i. 
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/ made, and without a knowledge of which it would 
I have been impossible to proceed. We commence 
vjwith a determination of the diameter of the earth. 
If an observer should start from any point on 
the surface of the earth in the northernjbemi*^-. 
sphere, and fixing his eye upon the nflirth polaof^ 
the heavens, should travel directly towirds niat 
point, all the stars in the north would appear to 
rise higher above the horizon as he advanced in 
his journey. The star which occupied the point 
immediately above his head when he started, 
would appear gradually to decline towards the 
south. If it were possible to travel on the same 
great circle of the earth entirely around its cir- 
cumference, the zenith star would appear to pursue 
an opposite route in the heavens, and would return 
to its primitive position only on the return of the 
observer to his point of starting. This, however, 
is not possible. What the observer can accom- 
plish, is this. He may travel north until his 
zenith star shall appear to have moved south by 
one degree, or the three hundred and sixtieth part 
of the circumference of the heavens ; then will 
he have passed over the three hundred and sixtieth 
part of the entire circumference of the earth ; all 
these parts are of equal length, — he measures the 
one over which he has passed — ^multiplies its value 
by three hundred and sixty, and the result gives 
him the circumference of the earth, from which 
the diameter is readily deduced by the well-known 
proportion which exists between these lines. By 
this simple method, the diameter of the earth 
J being determined, its radius is known, and we 

f are prepared to explain the process by which the 

^moon's distance may be found. 

Let us locate, in imagination, two observers at 
distant points on the same great circle of the earth, 
each prepared to measure the angular distance at 
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^^ . . . / 

^ which the moon appears from the zenith point of j 

•* of each station ; but the zenith of any place is the \ 

^^ point in which the earth's radius prolonged reaches \ 

C the heavens, — the angular distance of the moon \ 

^ V from the zenith will exhibit precisely the inclina- 

Vi tioa of the visual ray drawn to the moon's centre ! 
s. with the earth's radius drawn to the place of ob- ; 

. < servation ; the zenith distances being observed at 
'^^ ; each station, the observers knowing that part of the 
\^ C great circle of the earth by which their stations 
X ^^ are separated, come together, compare observations, 
^! ' and construct a figure composed of four lines. Two | 
t of these are the radii of tne earth drawn to the I 
pointe of observation. These may be laid down I 
under their proper angle, — drawing from their j 
extremities two lines, forming with the radii, / 
angles equal to the moon's measured zenith dis- ^' 
tances. These represent the visual rays drawn to \ 
the moon ; they meet in a point which determines \ 
their length, and if the figure be constructed accu- \ 
V rately, it will be found that either of these lines is | 
< about sixty times longer than the radius of the j 
<s earth, or the moon's distance is about 240,000 / 
miles. 

We now return to the examination of the great 
question of a central force, and to the discovery of 
its law of action. Allow me in the out-set to 
explain, with extreme simplicity, the assumed law, 
wnose truth or falsehood it was required to demoo^ 
strate. If any force resided in the sun which could 
resist the centrifugal force of the planets, or in 
any primary to resist the centrifugal force of tl>e 
revolving satellite, it was conjectured that this 
force would decrease in proportion as the square of 
the distance increased. In other language, if the 

Elanets were arranged at the following distances 
rom the sun, the forces exerted upon them would 
be represented by the second series, thus : — 
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Distances, 1 2 3 4 5 6 &c. 
_ 11111 

Forces, 1 4 ^ ii jl ai &c« 

The measure of the intensity of any force of 
attraction situated at the centre of the earth or 
sun, is accurately represented by the velocity it is 
capable of imparting to a falling body in any unit 
of time. Experiment shows that that power 
which causes a heavy body to fall to the earth's 
surface is capable of impressing upon it a motion 
of about 16 feet in the first second of time after 
its fall commences. In case the force diminishes, 
as we remove the falling body farther from the 
centre of attraction, the law of diminution would 
manifest itself in the diminished amount of motion 
communicated to the falling body. 

Now if Newton could have carried a heavy body 
upward, above the earth, until he should gain a 
height above its surface of four thousand miles, he 
would then be twice as far from the centre as 
when at the surface of the earth. Dropping the 
heavy body, and measuring accurately the distance 
through which it passes in the first second of time, 
in case he finds this to be one-fov/rth of 16 feet, 
the distance fallen through by the same body in 
the same time, at the distance of 4000 miles from 
the earth's centre, the result would have confirmed 
the law which conjecture had assigned as the law 
of nature. Gould he have mounted one unit 
higher, gaining an altitude of 8000 miles above 
the earth's surface, or three units from the centre, 
here repeating his experiment, in case the space 
passed through ky the falling body is now one- 
ninth of 16 feet, it would yet ferther confirm the 
truth of the conjectured law. Thus, could he 
have increased his altitude by one unit or radius 
of the earth after another, repeating his experi- 
ment as each new unit was added to his elevation 
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finding in every instance the law of diminution 
fulfilled by the falling body, all doubt as to the 
truth of the law would have been removed, and 
its foundation in nature would have justly flowed 
from such a series of experiments. 

Here, then, is precisely what must be accom- 
plished to demonstrate the assumed law of gravi- 
tation. But since these altitudes of 4000 and 
8000 miles could not be reached, might not some 
change in the distance passed over by a heavy 
felling body, be noticed and measured, if removed 
from a valley to the top of the highest mountain i 
Alas ! the increased distance from the centre of 
the earth, gained by ascending the loftiest moun- 
tain on its surface, is almost inappreciable, when 
compared with the entire distance, 4000 miles. 
Even if the mountain were ten miles high, the 
two elevations at which the experiment might 
then be performed, would be 4000 miles and 4010 
miles, and the diminished velocity would not be 
appreciable, even with the most delicate tests, 
much less could it be relied on to demonstrate the 
truth or falsehood of a great principle. Here, 
then, the mind was brought to a full stop ; and 
for a long time it seemed impossible that the 
philosopher should coi^quer the diflSculties which 
rose up in his path, and defied his further advance. 
Finding it impossible to perform any satisfectory 
experiment on the earth's surface, the daring 
mind of Newton conceived the idea of employing 
the moon itself as the falling body, and of testing 
the truth of his great theory by its fall towards 
the earth. But could he reach out his hand, grasp 
the revolving moon, stop it in its orbit, drop it to 
the earth, and measure its descent in the first 
second of time ? No — ^this was impossible. The 
moon could not be arrested in its career , but is 
this necessary ? Is not the moon, in one sense, 

F 
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constantly falling towards the earth? Newton 
asserted this to be true, and thus did he prove it. 

Stand upon the earth, and stretching outward 
into space 240,000 miles, there let the moon be 
located, poised and fixed in space, on a point of 
its present orbit. There let us suppose it to re- 
ceive an impulse in a direction perpendicular to 
the line which joins it to the eartn. By the first 
law of motion, being free to move, it will sweep 
off in a straight line, tangent to its present orbit, 
and will pass over a space in the first second of 
time, proportioned to the intensity of the impulse 
received. Mark that space, and bring the moon 
back to its primitive position. Now drop it to- 
wards the earth, and as it descends freely under 
the earth^s attraction, mark the space through 
which it falls in the first second of time. This 
being known, bring back the moon once again to 
its starting point. Now combine the impulsive 
force first given, with that power which caused 
the moon, when left free to move, to fell to the 
earth. Let them both act at once : the impulse 
is given, the moon darts off in a straight line, but 
is instantly seized by the earth's attraction, which 
drags it from its rectilineal path, and the two 
contending forces, ever struggling, neither con- 
quering, exercise a divided empire over the moon ; 
onwards she moves, obedient to the impulsive 
force, bent to her orbit by the action of the earth's 
attraction. Now the amount by which it is 
deflected in one second of time, from the straight 
line it would have pursued, is the amount pre- 
cisely^ by which it falls to the earth. 

If thus far I have been successAil, what remains 
can readily be accomplished. Newton easily com- 
puted^ from the known velocity of the moon in its 
orbit, and from the radius of orbit, the space 
through which the moon actually fell to the earth 
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in one second of time. He next computed the 
space through which a hea^^r body would fall to- 
wards the earth'^s surface, if removed &om the 
earth a distance equal to that of the moon. Now 
in case these two quantities should prove to be 
exactly equal, the truth of the demonstration 
would be complete ; the moon did fall through 
the space required by the assumed law, and in this 
event the law must be the law of nature. For 
seventeen long years did this incomparable philo- 
sopher, rivaling the example of the immortal 
Kepler, toil on in this most diflScult enterprise. 
He finally reaches the result ; the two quantities 
are found and compared, but alas ! the computed 
distance through which the moon must fall, in 
case the law of gravitation were true, differed from 
the observed distance through which it actually 
fell, by a sixth part of its value. Any less 
scrupulous, any less philosophic mind, would have 
been content with this near approximation, and 
would have announced the discovery to the world. 
Not so with Newton. Nothing short of the most 
rigorous accuracy could satisfy his conscientious 
regard for truth. His manuscripts are laid aside, 
and the pursuit for the present abandoned. 

Months roll by. Occasionally he returns to'his 
computation, runs over the figures, hoping to 
detect some numerical error ; but all is right, and 
he turns away. At length, while attending a 
meeting of the Royal Society in London, he learns 
that Picard had just closed a more accurate mea- 
surement of the diameter of the earth, This was 
one of the important quantities which entered into 
his investigation. He returns home,— ^and with 
impatient curiosity spreads before him his old 
computations — ^the new value of the eai'th's dia- 
meter is substituted — ^he dashes onward through 
the maze of figures — he sees them shaping their 
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values towards the long sought result — ^tbe ex- 
citement was more than even his great mind could 
bear — ^he resigns to a friend — ^tue work is com- 
pleted, the results compared — ^thev are exactly 
equal ! The victory is won, — ^he had seized the 
golden key which unlocks the mysteries of the 
universe, and he held it with a giant*s grasp ! 

There never can come another such moment as 
the one we have described, in the history of any 
mortal. There are no such conquests remaining 
to be made. Standing upon the giddy height he 
had gained, Newton's piercing gaze swept for- 
ward through coming centuries, and saw the 
stream of discovery flowing from his newly disco- 
vered law, slowly increasing, spreading on the 
right hand and on the left, growing broader, and 
deeper, and stronger, encircSng in its flow planet 
2^r planet, sun after sun, system after system, 
until the universe of matter was encompassed in 
its mighty movement. He could not live to 
accomplish but a small portion of this great work. 
Eapidly did he extend his theory of gravitation to 
the planets and their satellites. Each accorded 
perfectly with the law, and rising as the inquiry 
was pursued, he at length announced this grand 
prevailing law : 

Every particle of matter in the universe attracts 
every other particle of matter with a force or power 
directly proportioned to the quantity of matter in 
each^ and decreasing as the squares of the distances 
which separate the particles increase. 

Having reached this wonderflil generalization, 
Newton now propounded this important inquiry. 
*' To determine the nature of the curve which a 
body would describe in its revolution about a fixed 
centre, to which it was attracted by a force propor- 
tional to the mass of the attracting body, and de- 
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creasing with the distance according to the law of 
gravitation.'' 

His profound knowledge of the higher mathe- 
matics, which he had greatly improved, gave to 
him astonishing facilities for the resolution of this 
great problem. He hoped and believed that when 
the expression should be reached, which would 
reveal the nature of the curve sought, that it would 
be the mathematical language descriptive of the 
properties of the ellipse. This was the curve in 
which Kepler had demonstrated that the planets 
revolved, and a confirmation of the law of gravi- 
tation required that the ellipse should be the curve 
described by the revolving body, on the conditions 
announced in the problem. 

There happens to be a remarkable class of curves, 
discovered by the Greek mathematicians, called the 
conic sections ; thus named, because they can all 
be formed by cutting a cone in certain directions. 
The figure of a cone with a circle for its base, and 
converging to a point, is familiar to all. Cut this 
cone perpendicular to its axis, remove the part cut, 
and the line on the surface round the cone will be 
found to be a circle. Gut it again, oblique to the 
axis, then the line of division of the two parts 
will be an ellipse. Gut again so that the knife 
may pass downward parallel to the slope of the 
cone, and in this case your section is 2k parabola. 
Make a last cut parallel to the axis of the cone, 
and the curve now obtained is the hyperbola. 

When Newton reached the algebraic expression 
which, when interpreted, would reveal the proper- 
ties of the curve sought and which he had hoped 
would prove to be the ellipse — ^he was surprised to 
find that it did not look familiar^to the eye. He 
examined it closely — ^it was not the equation of the 
ellipse, and ^et it resembled it in some particulars. 
What was his astonishment to find, on a complete 
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examination, that the mathematical expression, 
which he had reached, expressing the nature of the 
curve described by the revolving body, was the 
general algebraic expression embracing all the conic 
sections. Here is a most wonderftd revelation. Is 
it possible that under the law of gravitation, the 
heavenly bodies may revolve in any or either of 
these curves ? Observation responds to the inquiry. 
The planets were found to revolve in ellipses ; the 
satellites of Jupiter in circles ; and those strange, 
anomalous, outlawed bodies, the comets, whose 
motions hitherto had defied all investigation, take 
their place in the new and now perfect system, 
sweeping round the sun in parabolic and hyperbolic 
orbits. 

Thus were these four beautifiil curves, having a 
common origin, possessed of certain common pro* 
perties, yet diverse in character, mingling in close 
proximity, and gliding imperceptibly into each 
other, suddenly transferred to the heavens, to be- 
come the orbits of countless worlds. For nearly 
twenty centuries, they had been the objects of 
curious speculation to the mathematician ; hence- 
forward they were to be given up to the hands of 
the astronomer, the powerful instrument of his 
future conquests among the planetary and cometary 
worlds. 

The three great laws of Kepler,' to which he 
had risen with such incredible toil and labour, 
were now found to flow as simple consequences of 
the law of gravitation. It is impossible to convey 
the slightest idea, in discussions so devoid of ma- 
thematics, of the incredible change which had 
thus suddenly been wrought in the mode of inves- 
tigation. I never have closed Newton's investi- 
gation, by which he deduces the nature of the 
curve, described by a body revolving around a 
fixed centre, under the law of gravitation, bearing 
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with it consequences so simple yet so wonderful, 
without feelings of the most intense admiration. 
I can convey no adequate idea of the difference of 
the methods employed by Kepler and Newton, in 
reaching the three laws of planetary motion. I 
see Kepler in the condition of one on whom the 
fates have fixed the task of rolling a huge stone up 
some rugged mountain side, to its destined level, 
within a few feet of the summit. He toils on 
manftilly, heaving and struggling, da^ and night, 
in storm and in darkness, never quitting his hold, 
lest he may lose what he has gained. If the ascent 
be too steep and rocky, he diverges to the right, 
then to the left, winding bis heavy way zigzag up 
the mountain side. Years glide by — ^he grows 
grey in his toil, but he never falters — onward and 
upward he still heaves the heavy weight— bis goal 
is in sight, he renews his efforts, the last struggle 
is over — ^he has finished his task — ^the goal is won. 

Such was Kepler s method of reaching his laws. 
Now for Newton's. He stands, not at the base of 
the mountain, with its long, ascending rocky sides, 
but on the top. He starts his heavy stone, it rolls 
of itself over, slowly over, and once again, and falls 
quietly to its place. Let me not be misunder- 
stood in this strange comparision, as detracting in 
the smallest degree from the just &me that is due 
to Kepler. But for his sublime discoveries, New- 
ton could never have reached the mountain sum- 
mit on which he so proudly stood. Standing 
there, he never forgot by whose assistance he had 
reached the lofty point, and ever recognized, in 
the most public manner, his deep indebtedness to 
the inunortal Kepler. 

A few words with reference to the rigorous ap- 

Slication of Kepler's laws in nature, will close this 
iscussion. The first law, announcing the revolu- 
tion of the planets in elliptic orbits, was now made 
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general, and recognized the revolution of the hea- 
venly bodies in conic sections: the circle, ellipse, 
parabola, and hyperbola. 

The second law, fixing the equality of the 
spaces passed in equal times, by the lines joining 
the planets to the sun as these were carried round 
in tneir elliptic orbits, now became applicable to 
all bodies revolving about a fixed centre, in any 
curve, and according to any law. 

The third law, recognising the proportion be- 
tween the squares of the periodic times and the 
cubes of the mean distances of the planets, v^as 
extended to the satellites, and to the comets; 
modified slightly in the case of the larger planets, 
by taking into account their masses or quantities 
of matter. 

Here we close the era of research by observa- 
tion. The mind has gained its last grand object. 
The era of physical astronomy dawns ; new and 
wonderful scenes open, and to the contemplatioa 
of these, we shall soon invite your attention. 
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CHAPTER V. 

UNIVERSAL GEAVITATION APPLIED TO THE EXPLAKATION 
OF THE PHENOMENA OF THE SOLAR SYSTEM. 

The progress of the mind, in its efforts to reach a 
satismctory explanation of the movements of the 
heavenly bodies, previous to the discovery of uni- 
versal ^vitation, had been made independent of 
any guiding law. The mind had been feeling its 
way slowly and laboriously, guiding its direction 
by attentively watching the celestial phenomena, 
and relying for its success exclusively on the accu- 
racy and number of its observations. Each disco- 
very made was isolated, and although it prepared 
the way for the succeeding ones, it did not in any 
sense involve them as necessary consequences. 
By the discovery of the great law of universal 
gravitation, a perfect and entire revolution had 
been made in the science of astronomy. A new 
department was now added, which previous to 
the knowledge of this law, could have no exist- 
ence. In this branch of astronomy, the process of 
investigation being inverted, the mind descends 
from one great law to an examination of its diver- 
sified influences to their final limits. Observation 
is now employed to verify discovery, and not as 
the basis on which, and without which, discovery 
cannot be made. 
The era of physical astronomy is, therefore, the 
V 2 
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jzreat en in the history of the sdence. It involTeB 
the resolution of the most wonderM pioblflniB — 
it calls into nse the most refined and powerfiil 
mathematical analysis, and demands the applica- 
tion of the most ingenioos and delicate instrnmeots 
in seeking for the data by means of which its 
theory may be rendered practically applicable to 
the problems of nature. The mechani(»l philoso- 
pher in his closet may construct his imaginary 
system. In its centre he locates a sun, containing 
a certain mass of matter. — At any conyenient dis- 
tance from this sun he locates a planet, whose 
weight he assumes. To this planet he gives an 
impulse, whose intensity and direction are assumed. 
The moment these data are fixed, and the impulse 
given to the imaginary planet — oo matter in what 
kind of an orbit it may dart away, whether cir- 
cular, elliptical, parabolic, or hyp^bolio — the laws 
of motion and gravitation asserting their empire, 
the planet is followed by the mathematician, with 
a certainty and accuracy defying all escape. He 
assigns its orbit in the heavens — ^the velocity of 
its movement — ^the period of its revolution. In 
short, in a single line, he writes out its hisUury 
with perfect accuracy for a million years. 

If, now, to this simple system of a great central 
sun and one solitary planet, the physical astro- 
nomer add a third body, a moon, to the planet, 
he assumes its weight, the intensity and direction 
of the impulsive rorce starting it in its career, 
and now his system becomes more complex. — 
Strike the sun out of existence, fix the planet, 
and the process of binding the satellite in ma- 
thematical fetters is precisely similar to that by 
which the movements of the planet were pre- 
scribed around the sun before the existence <j( 
the satellite. But now, with these three bodies 
the train of investigation becomes more intricate 
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and involved. While the planet alone circulated 
around the snu, such is the undeviating accuracy 
with which it will for ever pursue its path around 
the sun, that if it were possible to hang up in space 
i^ng its route golden rings, whose diameter would 
just permi^t the flying planet to pass, millions of 
revolutions will never mark the slightest change. 
The rings once passed and then fixed, will mark 
. for ever the path\5jay of the solitary planet. But 
the moment a moon is given to this flying world, 
in that instant its motion is changed — ^it is swayed 
from its original fixed orbit — it no longer passes 
through the golden rings, and although the phy- 
sical astronomer may write out in bis analytic 
symbols the future history of his planet and moon, 
these expressions are no longer marked with the 
simplicity which obtained in those which recorded 
the history of the single planet. While solitary, all 
changes were eflfected by the planet in one single 
revolution, and these were repeated in the same 
precise order in each successive revolution. Now, 
with the satellite added, there are changes intro- 
duced running through many revolutions, and 
requiring for their complete compensation vast 
periods of time. Indeed, the inquiry arises, whe- 
ther this system of a central sun, with a planet 
and its satellite revolving about it, can be so consti- 
tuted that the changes which the planet and its 
moon mutually produce on each other's move- 
ments, may not go on, constantly accumulating 
in the same direction, until all features of the 
original orbits of both may be destroyed, both 
worlds being finally precipitated on the sun, or 
driven farther and farther from this luminary, un- 
til they are lost in infinite space. This inquiry, 
in a more extended form, will be examined here- 
after. We proceed to build up our imaginary 
system. Thus far, we have regarded our planet 
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and its satellite as mere material heavy points. 
In case we give to them magnitude and rotation 
on an axis, the velocity of rotation will determine 
the figure of the planet and of its satellite. — 
These figures will deviate from the exact sphe* 
rical form, and this change of figure will sensibly 
afiTect the stability of the axis of rotation, and will 
introduce a series of subordinate tnovements, each 
of which must become the subject of research ; 
and to write out the future history of the system, 
these minute and concealed changes must likewise 
receive their mathematical expression. 

Having thus thoroughly mastered all the phe- 
nomena of tuis system of three bodies, the astro- 
nomer now adds another planet, whose mass is- 
assumed, together with the direction and intensity 
of its primitive impulse. Its orbit is now com- 
puted, subject to the peatly predominant influence 
of the sun, but sensibly affected by the quantitv 
of matter in the old planet and its satellite, which 
prevents it from forming a fixed and unchangeable 
orbit in space. Again he is obliged to return to 
an examination of his first planet and its moon, 
for these again break away from their previous 
routes, and in consequence of the action of the 
second planet, assume new orbits, and are sub- 
jected to periodical fluctuations, which demand 
critical examination, and without a knowledge of 
which no truthful history of the planetary system 
can be written. To the second planet let us now 
add several satellites, each of which has its mass 
assigned, and the direction and intensity of the 
impulsive force by which they are projected in 
their orbits. Here, then, is a subordmate system 
demanding a complete examination. The satel- 
lites mutually affect each other's motions, and 
each is subjected to the influence of the primitive 
planet and its moon. Again does the physical 
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astronomy review his entire investigation. The 
addition of these satellites to his second planet 
has introduced changes in all the previous bodies 
of the system, which now must be computed, to 
keep up with the growing complexity. This task 
is at last accomplished. All the changes are 
accurately represented. Analysis has mastered the 
system, and the history of its changes are written 
out for hundreds of thousands of years. 

A third planet, with its satellite, is now added. 
This new subordinate system is discussed, and its 
operation on all the previous planets and satellites 
computed, and after incredible pains, the astrono- 
mer once more masters the entire group, and fol- 
lows them all with unerring precision, through 
cycles of changes comprehendmg thousands, or 
even millions of years. 

Thus does the difficulty of grasping the system 
increase in a high ratio by the a^ldition of every 
new planet and satellite, till finally the last one is 
placed in its orbit, and the system is complete, so 
&r as planets and satellites are concerned. Through 
this complicated system now cause thousands of 
comets to move in eccentric orbits, coming in from 
every quarter of the heavens, plunging downwards 
towards the sun, sweeping with increSble volocity 
around this central luminary, and receding into 
space to vast distances, either to be lost for ever, 
or to return afler long periods to revisit our system. 
These wandering bodies must be traced and 
tracked, their orbits fixed, their periods deter- 
mined, their influence on the planets and satellites^ 
and that exerted by these on the comets, must be 
computed and determined; then, and not till 
then, does the physical astronomer reach to a fiill 
knowledge of this now almost infinitely complex 
system. 

In this imaginary problem it will be observed 
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that certain quantities were invariably assumed 
before the discussion could proceed. The mass of 
the sun — ^the mass of each planet and satellite — 
the intensity and direction of the primitive im- 
pulse given to each planet and satellite — ^these 
quantities are supposed to be known. If, now, 
the astronomer has actually accomplished the 
resolution of the imaginary problem, and has ob- 
tained analytic expressions which write out and 
reveal the future history of his assumed planets 
and satellites, as they revolve around his assumed 
sun, if in these expressions he should substitute tlie 
actual quantities which exist in the solar system 
for those assumed, his expressions would then give 
the history of the solar system for coming ages, 
and by reverse action would reveal its past history 
with equal certainty. 

Before we can, therefore, bring the power of 
analysis to bear on the resolution of the grand 
problem of nature, we must interrogate the hea- 
vens, and obtain the absolute weight of our sun, 
of each planet, and of every satellite. Next we 
require the intensity and direction of the impulsive 
force which projected each planet and satellite in 
its orbit, and which would have fixed for ever the 
magnitude and position of that orbit, in case no 
disturbing causes had operated to modify the 
action of the primitive impulse. 

Having thus attempted to exhibit, at a single 
view, the general outlines of the great problenrof 
the solar system, we propose, now, to return to 
the examination of a system composed of three 
bodies ; and to fix our ideas, we assume the sun, 
earth, and moon. In case the earth existed alone, 
he elliptic wbit described in its first revolution 
around the sun would remain unchanged for ever, 
and having pursued it, and marked its changes of 
velocity in the different parts of its orbit fi>r a 
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single revolution, this would be repeated fw mil- 
lions of years. But let us now give to the earth 
its satellite, the moon, and setting out from its 
perihelion, or nearest distance from the sun, let us 
endeavour to follow these two bodies as they sweep 
together through space, and mark particularly the 
effect produced on the mocm's orbit by the disturb- 
ing influence of the sun. To give to the problem 
greater simplicity, let us conceive the plane of the 
moon s orbit to coincide with the earth's. The law 
of gravitation which gives to every attracting body 
a power over the attracted one, gravity increasing 
as the distance decreases, it will be perceived that 
vdien the earth and moon are nearest to the sun, 
whatever influence the sun possesses to embarrass 
or disturb the motions of the moon about the earth, 
will here be exercised with the greatest effect.. 
But since the sun is exterior to the moon*s orbit, 
its tendency will be to draw the moon away from 
the earth, and cause her to describe around her 

f)rimary a larger orbit, in a longer period of revo- 
ntion than would have been employed in case no 
sun existed, and the moon was given up to the 
exclusive' control of the earth. 

Starting the planet on its annual journey, as it 
recedes from the sun in passing from its nearest to 
its most remote distance, or from perihelion to 
aphelion, the moon is gradually removed from the 
disturbing influence of the sun ; it is subjected 
more exclusively to the earth's attraction ; its dis- 
tance from the earth grows less, and the periodic 
time becomes shorter. These changes continue in 
the BBxae order until the earth reaches its aphelion. 
There the moons orbit is a minimum, and its 
motion is swiftest. In passing from the aphelion 
to the perihelion, the earth is constantly M)proach- 
ing the sun, and as the sun's influence on the mo<Mi 
increases as its distance diminishes, its orbit will 
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now expand by slow degrees, and the periodic 
time will diminish until on reaching the perihe- 
lion, in case the fignre of the earth^s orbit remains 
unchanged, the moon^s periodic time will be re- 
stored to its primitive value, and all effects result- 
ing from the elliptic figure of the earth's orbit will 
have been entirely effaced. 

Thus &r we have directed our attention exclu- 
sively to the changes in the distance of the moon 
and its periodic time. But the moon's orbit is 
elliptical, as well as the earth's, and it is manifest 
that the sun's influence will operate to change m^ 
only the magnitude of this orbit, but will m like 
manner produce a change in the position of the 
moon's perigee, or nearest point of distance fircmi 
the earth. If the earth were stationary, and the 
moon revolved around it, passing between it and 
the sun, and* then coming round so as to be beyond 
the earth with respect to this luminary, although 
the moon's orbit would be sensibly affected by the 
sun's attraction, yet this having exerted itself 
during one revolution of the moon, all its effects 
would be repeated in the same order during the 
next revolution, and the relative positions of the 
sun and earth remaining the same, the moon 
would come finally to have a fixed orbit, and its 
principal lines or axes would never change. But 
this is not the case of nature. The earth swiftly 
turning in its orbit, and bearing with it its revolv- 
ing satellite, by the time the moon has completed 
a revolution, the sun and earth have entirely 
changed their relative positions, and the moon 
cannot reach its perigee, or nearest distance from 
the earth, at the same point as in the preceding 
revolution. 

By an attentive examination of this problem, it 
is found that the tendency is to cause the moon 
to reach its perigee earlier than it would do if not 
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disturbed, and in this way the perigee of a fixed 
orbit appears to advance to meet the coining 
moon, and in the end to continue advancing until 
it actually revolves entirely round in a period 
which observation determines to be about nine 
years. 

It is not my intention to enter into a detaikd 
examination of all the effects resulting from the 
sun's disturbing power on the moon^s motions; 
neither shall I attempt to exhibit all the effects 
produced by the moon on the earth. This would 
require a train of investigation too elaborate and 
intricate to comport with my present purposes. 
My object is simply to show that changes must 
arise from the mutual and reciprocal action of 
these three bodies, which the theory of gravita- 
tion must explain, and the telescope point out, 
before it be possible to obtain a perfect Knowledge 
of these bodies. 

The exact estimation of these changes can 
never be made until we shall have learned the 
relative masses of matter contained in the sun, 
earth, and moon. In other language, we must 
know how many moons it would require to weieh 
aa much as the earth, and how many earths woiud 
form a. weight equal to that of the sun. 

But it IS possible that man, situated upon 
our planet, 237>000 miles from the moon, and 
95,000,000 of miles from the sun, can actually 
weigh these worlds against each other, and deter- 
mine their relative masses of matter i Even this 
has been accomplished, and I shall now proceed 
to explain how the earth may be weighed against 
the sun. Dropping a heavy body at the earth^a 
surface, the velocity impressed on it in the first 
second of time will measure the weight of the 
earth in one sense. If it were possible to take the 
same body to the sun, drop it, and measure the 
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velocity acquired by the falling body in the first 
second of time, the relative distances passed 
through at the sun and at the earth by the same 
body in the same time, would show exactly the 
relative weight of the sun and earth, for their 
capacity to communicate velocity are exactly pro- 
p<frtioned to their masses. Now, although this 
experiment cannot be performed in the exact terms 
announced, yet, as we have already shown, the 
moon is constantly dropping towards the earth, 
and the earth is as constantly dropping towards 
the sun. Now in case we measure the amount 
by which the moon is deflected from a straight 
line in one second of time, this measures the in- 
tensity of the earth's power. But the amount by 
which the earth is d^ected from a right line by 
the central power of the sun in one second, is 
easily measured from a knowledge of its period 
and the magnitude of its orbit. Executing these 
calculations, it is found that the sun s effect on 
the earth is rather more than twice as great as the 
earth's effect on the moon, and in case these 
effects were produced at equal distances, then 
would the sun be shown to contain rather more 
than twice as much matter as is found in the 
earth. But the sun produces its effect at a distance 
400 times greater than that at which the earth 
acts on the moon : hence, as the force diminishes 
as the square of the distance increases, a sun acting 
at twice the distance at which the earth acts, must 
be four times heavier to produce an equal effect ; 
at three times the distance, it must be nine times 
heavier, and at four thues the distance, sixteen 
times heavier ; — ^at 400 times the distance, 160,000 
times heavier than the earth. Thus do we find 
that in case the sun's action on the earth were 
exactly equal to the earth's action on the moon, 
in consequence of the great distance at which it 
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operates, its weight would be equal to that of 
1 60,000 earths. But its actual effect is rather 
more than double that of the earth on the moon, 
and hence we find it contains rather more than 
double 160,000 earths, or exactly 354,936 times 
the quantity of matter contained in the earth. 

This enormous mass of the sun is confirmed by 
an examination of its actual dimensions. An 
object with an apparent diameter equal to that of 
the sun, and at a distance of 95,000,000 of miles, 
must have a real diameter of 883,000 miles, a 
quantity so great that if the sun's centre were 
placed at the earth's centre, its vast circumference 
would give ample room for the moon to 6irculate 
within its surface, leaving as great a space between 
the moon's orbit and the sun's surface as now exists 
between the moon and earth. 

It is this immense magnitude of the sun, when 
compared with the planets and their satellites, 
which renders the orbits of the planets compara- 
tively unalterable. It is true that these bodies 
mutually affect each other, but these effects are 
comparatively slight, and astronomers regard them 
as perturbations^ or mere disturbances of the 
original elliptic motion. Hence we find the mag- 
nitude and position of the earth's elliptic brbit 
remain without any ven^ sensible variation for two 
or three revolutions ; but the slight disturbance 
experienced at each revolution, constantly accu- 
mulating in the same direction in a long series of 
years, occasions changes that cannot be lost sight 
of, and which, by a reflex influence, become in 
some instances exceedingly important in their 
practical applications. 

As it wilt be impossible to treat fully the com- 
plex subject of perturbation, I will call your at- 
tention to a few points about which cluster peculiar 
interest, in consequence of their great difficulty, 
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and the almost infinite reach of analysis displayed 
•in their successfiil examination. 

I have already explained bow it is that the dis- 
turbing influence of the sun occasions a constant 
fluctuation in the periodic time of the moon, 
accelerating it as the earth moves from perihelion 
to aphelion, and again retarding it from aphelion 
to perihelion. If, now, we take a large number 
of revolutions of the moon, say a thousand, add 
them all up, and divide by one thousand, we ob- 
tain a mean period of revolution, which, in case 
the earth's orbit remains invariabte, will never 
change, but will be constantly the same for thou- 
sands of years. By such an examination during 
the last century, the mean motion of the moon 
was obtained with great precision. But on a com- 
parison of eclipses recorded by the Babylonians 
with each other, it was discovered that the moon 
in those early ages required a longer time to per- 
form her mean revolution than in modern times. 
A like comparison of the Babylonian eclipses with 
those recorded in the middle ages by the Arabian 
astronomers, confirmed this wonderful discovery, 
which was yet farther substantiated by comparing 
the Arabian eclipses with those observed in modem 
times. It thus became manifest that, to all ap- 
pearance at least, the moon's mean motion was 
growing swifter and swifter from century to cen- 
tury; that it was approaching closer and still 
closer to the earth, and if no limit to this change 
was ever to be fixed, sooner or later the final 
catastrophe must come, and the moon be precipi- 
tated on the body of the earth, and the system be 
destroyed. 

An effort was made to account for this accelera- 
tion of the moon, on the theory of gravitation ; 
but for a long time there seemed to be no possi- 
'bility of rendering a satisfactory explanation of 
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the phenomena, far less of prescribing the limits 
which should circumscribe the changes. Some, 
to escape from the difficulty, rejected entirely the 
ancient eclipses, and boldly cut the knot, by pro- 
nouncing the acceleration as impossible, and with- 
out any foundation in fact. — Others admitted the 
fact, but finding it impossible to account for it on 
the hypothesis of gravitation, conceived the idea 
that the moon was moving in some ethereal fluid 
capable of resisting its motion^ and producing a 
diminution in its periodic time of revolution. 
That deceleration should be the efiect of resistance^ 
may seem to some very strange, but a little reflec- 
tion will render the subject clear. In case the 
moon'*s orbitual motion is resisted, then the cen- 
trifugal force, which depends on the velocity, 
becomes diminished, and the central power of the 
earth draws the moon closer to itself, decreases 
the magnitude of its orbit, and in like manner 
reduces the time of accomplishing one revolution 
about the earth. 

Finding no better solution of the mystery, and 
being obliged to acknowledge the fact that the 
mean motion of the moon was becoming swifter 
and swifter, from the action of a resisting medium, 
there was no escape from the final consequences ; 
and it was by some believed that the elements of 
decay existed, that the doom of the system was 
fixed, and although thousands, possibly millions, 
of years might roll away before the fatal day, yet 
it must come, slowly, but surely -as the march of 
time. Such was the condition of the problem 
when Laplace gave the powers of his giant intel- 
lect tq tne resolution of this mysterious subject. 
The consequences involved gave to it an unspeak- 
able interest, and the world waited with keen 
anxiety to learn the result of the investigations of 
this great geometer. Long and difficult was the 
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struggle— slow and laborious the task of devising 
and tracing out the secret causes of this inscru- 
table phenomenon. The planets are weighed and 
poised against the earth, their effects computed on 
its orbit, the final result of these effects determined, 
and the reflux influence on the moon's motion 
computed with the most extraordinary precision. 
Under the searching examination of Laplace'*s 
potent analysis, nature is conquered, the mystery 
18 resolved, the law of gravitation is vindicated^ — 
the system is stable, and shall endure through 
periods whose limits God alone, and not man, 
shall prescribe. 

Follow me in a simple explanation of this most 
remarkable discovery. It has already been stated, 
that in case the earth'^s orbit could remain un- 
changed, that the mean period of the moon, as 
derived from a thousand of its revoluti6ns, would 
be constant, and would endure without the 
slightest change for millions of years. But this 
permanency of the earth*'s orbit does not exist. — 
Laplace discovered that under the joint action of 
all the planets, the figure of the eartb'a orbit was 
slowly changing; that while its longer axis 
remained invariable, that its shape was gradually 
becoming more nearly circular. At the end of a 
vast period, its ellipticity would be destroyed, and 
the earth would sweep around the sun in an orbit 
precisely circular. Attaining this limit, a reversed 
action commences — the elliptic form is resumed 
by slow degrees — ^the eccentricity increases from 
age to age — until, at the end of millions of years, 
a second limit is reached. The motion is again 
reversed — ^the orbit a^ain opens out, appiroaches 
its circular form, and thus vibrates backwards and 
forwards in millions of years, like some mighty 
pendulum beating the slowly ebbing seconds of , 
eternity. 
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But do you demand how this change in the 
figure of the eartb'*s orbit can affect the moon's 
mean motion ! The explanation is easy. Were 
it possible to seize the earth and hurl it to an 
innnite distance from the sun, its satellite, now 
released from the disturbing influence of this cen- 
tral mass, would yield itself up implicitly to the 
earth's control. It would be drawn closer to its 
centre of motion, and its orbit being thus dimi- 
nished, its periodic time would be shorter, or its 
motion would be accelerated or made swifter than 
it now is. This is an exaggerated hypothesis, to 
render more clear the effect produced by removing 
the earth farther from the sun. Now the change 
from the elliptical to the circular form, which has 
been progressing for thousands of years, in the 
earth's orbit, is, so far as it goes, carrying the 
earth at each revolution a little farther from the 
sun, releasing in this way the moon, by slow 
degrees, from the disturbing influence of that 
b^y ; giving to the earth a more exclusive con- 
trol over the movements of its satellite, and thus 
increasing the velocity of the moon in its orbit 
from age to age. But will this acceleration ever 
reach a limit! Never, until the earth's orbit 
become an exact circle, at the end of millions of 
years. Then, indeed, does the process change. 
At every succeeding revolution of the earth in its 
orbit, its elliptieity returns — its distance from the 
sun diminishes — ^tbe moon is again subjected more 
and more to the action of the sun, is drawn farther 
and &rther from the earth, and its periodic time 
slowly increases. Thus is acceleration changed 
into retardation, and at the end of one of these 
mighty cycles, consisting of millions of years, an 
exact compensation is effected, and the moon's 
motion, having gone through all' its changes, once 
more resumes its original situation. 
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I can never contemplate this wonderful revolu- 
tion without feelings of profound admiration. 
Such is the extreme slowness of this change in the 
moon''s mean motion, that in the period of three 
thousand years she has got only four of her diame- 
ters in advance of the position she would have 
occupied in case no change whatever had been 
goin^ on. Here, then, is a cycle of changes ex- 
tendmg backward to its least limit millions of 
years, and extending forward to its greatest limit 
tens of millions of years, detected and measured 
by man, the existence of whose race on our globe 
has scarcely been an infinitesimal portion of the 
vast period required for the AiU accomplishment 
of this entire series of changes. 

May, it not, then, be truly said, that man is in 
some sense immortal, even here on earth. What 
is time to him, who embraces changes in swiftly 
revolving worlds, requiring countless ages for their 
completion, within the limits of an expression so 
conaensed that it may be written in a single line f 
Does he not live in the past and in the future, as 
absolutely as in the present ! Indeed, the present 
is nothing — it is the past and fiiture which makes 
up existence. 

In the example of the moon^s acceleration just 
explained, we must not fail to notice^ a most 
remarkable fact. It is this: — The slow change 
in the figure of the earth's orbit, occasioned by 
the joint action of all the planets, and upon which 
depends the acceleration of the moon's mean mo- 
tion, is so disguised, that but for its reflex influence 
on the moon, the probability is it would have 
escaped detection for thousands of years. The 
direct efiect is almost insensible, but being indi- 
rectly propagated to the moon, it is displayed in a 
greatly exaggerated manner — is in this way de- 
tected, and finally, after incredible pains, traced 
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to its origin, and demostrates in the most beauti- 
ful manner the prevalence of the great law of 
universal gravitation. 

Since the general adoption of this law, the 
human mind bias been^ in not a few instances, dis- 
posed to abandon its universality, and seek for & 
solution of some intricate problem, by which it 
was perplexed, in some change or modification of 
the law ; but in no instance has the effort to fly 
from the law been successfiil. No matter how 
long and intricate the examination, how far the 
mind might be carried from this great law, in the 
end it must come back and acknowledge its uni- 
versal empire over our entire system. 

It has been already remarked, that one of the 
effects of the sun's disturbing influence exerted on 
the moon, was to occasion a change in the position 
of its perigee, causing it to complete flrU entire 
revolution m the heavens in about nine years. 
The theory of gravitation gave a very satisfactory 
account of this phenomenon generally ; but when 
Sir Isaac Newton undertook the theoretic compu- 
tation of the rapidity with which the moon'*s pe- 
rigee should move, he found, to his astonishment, 
that no more than one half of the observed mo- 
tion of the perigee was obtained from theory. In 
other language, in case the law of gravitation be 
true, Newton found that the moon's perigee ought 
to require eighteen years to perform its revolution 
in the heavens, while observation showed that the 
revolution was actually performed in one half of 
this period. This great philosopher exhausted 
all his skill and power in the vain effort to over- 
come this difficulty. He died, leaving the prob- 
lem unresolved, bequeathing it to his successors, 
as a research worthy of their utmost efforts. 

Astronomers did not fail to recognise the high 
claims of this investigation. Gravitation was once 
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more endangered. The most elaborate computa- 
tions were made, and the results obtained by New* 
ton were so invariably verified by each successive 
computer, that it seemed utterly impossible to 
avoid the conclusion ; — ^they were absolutely accu- 
rate, and that the theory of gravitation must be 
modified in its application of this peculiar pheno- 
menon. At length the problem was taken up by 
the distinguished astronomer Glairaut. After re- 
peating, in the most accurate manner, the extensive 
computations of his predecessors, reaching inva- 
riably the same results, he finally abandoned the 
law of gravitation in despair, pronounced it inca- 
pable of explaining the phenomenon, and undertook 
to frame a theory whicn should be in accordance 
with the facts. 

This startling declaration of Olairaut excited 
the greatest interest. An abandonment of the 
theory of gravitation was little less than returning 
once more to the original chaos which had reigned 
in the planetary worlds, and of commencing again 
the resolution of the great problem which it had 
long been hoped was entirely within the grasp of 
the human intellect. In this dilemma, when the 
physical astronomer had abandoned the law of 
gravitation in despair, and the legitimate defenders 
of the theory were mute, an advocate arose where 
one was least to be expected. Buffon, the eminent 
naturalist and mataphysician, boldly attacked the 
new theory of Glairaut, pronounced it impossible, 
and defended the law of gravitation by a train of 
general reasoning, which the astronomer felt almost 
disposed to treat with ridicule. What should a 
naturalist know of such matters ? was rather con- 
temptuously asked by the astronomer. It is true 
he knew but little, yet his attack on Glairaut had 
the effect to induce the now irritated astronomer 
to return to his computations, with a view to over- 
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whelm his adversary. He now determined to rest 
satisfied with nothing short of absolute perfection. 
A certain series which had been reached by every 
computer, and the value of whose terms had been 
regarded as decreasing by a certain law, until they 
finally became inappreciable, from their extreme 
minuteness, and theref(»'e might, without sensible 
error, be rejected, was found, on a more careful 
examination, to undergo a most remarkable change 
in its character. It was true that the value of its 
terms did decrease till they became exceedingly 
small ; but so far from becoming absolutely no- 
thing, on reaching a certain value, the decrease 
became changed into increase^ — ^the sum of the 
series expressing the velocity of the moon s perigee 
was in this way actually doubled, and Clairaut 
found, to his inexpressible astonishment, that the 
investigation which had been commenced with 
the intention of for ever destroying the uni- 
versality of the law of gravitation, resulted in his 
own defeat, and in the perfect and triumphant 
establishment of this great law. 

Thus far, in our examinations of the moon and 
earth, we have regarded their orbits as lying in 
the same plane, an hypothesis which greatly sim- 

Elifies the complexity of their motions. This, 
owever, is not the case of Nature. The moon 
revolves in an orbit whose plane is inclined under 
an angle of about four de^ees to the plane of the 
ecliptic. During half of its journey, it lies above 
the plane of the earth's orbit, while the remaining 
part of its route is performed below the ecliptic. 
Thus does the moon, at each revolution, pass 
through the ecliptic at two points, called the nodes^ 
which points, being joined by a straight line, gives 
us the intersection of the plane of the moon*'s 
orbit with that of the earth. This line of inter- 
section, called the line of the nodes, but for the 
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disturbing influence of external causes, would re- 
main fixed in the heavens. But we know it ta 
be constantly fluctuating, and in the end perform- 
ing an entire revolution. The exact amount of 
this change has been made the subject of accurate 
examination, and the law of its movement has 
been found to result jjrecisely from the law of gra- 
vitation. Not only is the line of intersection of 
the plane of the moon''s orbit with that of the 
(i earth constantly changing, but theory, as well as 
observation, has ascertained that a series of changes 
are equally progressing in the angles of inclination 
of these two planes. The limits are narrow, but 
the oscillations are unceasing, complicating more 
and more the relative motions of these two re- 
markable bodies. 

In the physical examination of the revolution 
of the planetary orbs by the application of the law 
of gravitation, the general features of the investi- 
gation are greatly simplified by the fact that the 
planets and satellites may be regarded as spherical 
l)odies, and may in general be treated as though 
their entire mass were condensed into a material 
heavy point, situated at their centre. While this 
statement is true in its broader application to the 
theory of planetary perturbations, or even in the 
theory of the sun's action on the planets, especially 
the more distant ones, it is by no means to be 
admitted, when we come to a critical examination 
of the figures of the planets, and the influence 
exerted by these figures on their near satellites. 

In case the earth had been created an exact 
sphere, and had been projected in its orbit without 
any rotation on an axis, then would its globular 
figure have remained without sensible change.-^ 
But as it revolves swiftly on its axis, the laws of 
motion and gravitation come in to modify the 
figure of the earth, and to change it from an exact 
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spherical figure to one that is flattened at the 
poles, and protuberant at the equator. Newton's 
sagacity detected this result as a necessary conse- 
tjuence of the action of gravitation, and he actually 
computed the figure of the earth from theory, long 
before any observation or measurement had created 
a suspicion that its form was other than spherical. 
The truly wonderfiil train of consequences flowing 
&om the spheroidal form of the earth gives to this 
subject a high interest, and demands as close an 
examination of its principal features as the nature 
of our investigations will permit. 

Give to the earth, then, an exactly spherical 
form, and a diameter of 8000 miles, with a rota- 
tion on an axis once in twenty-four hours, and 
let us critically examine the consequences. A 
particle of matter situated on the equator is 4000 
miles from the earth's axis, and since it passes over 
the circumference of a circle whose radms is 4000 
miles, it will move with a velocity of about 1000 
miles an hour. As we recede from the equator 
towards the poles, either north or south, the par- 
ticles revolve at the extremities of radii, constantly 
growing shorter and shorter, until finally at the 
exact pole there is no motion whatever. But in 
every revolving body, a centrifugal force is gene- 
rated — B, tendency or disposition to fly from the 
axis of rotation in a plane perpendicular to this 
axis. 

Such is the power of this centrifugal force, that 
if it were possible to make the earth rotate seven- 
teen times in twenty-four hours, instead of once, 
bodies at the equator would be lifted up by the 
'Centrifugal force, and the attraction of gravitation 
would be counterpoised, if not absolutely over- 
come. The force of gravity exerts its power in 
directions passing neariy through the centre of the 
<e2tfth, while the ceQtri&gal force is always exerted 
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in a direction perpendicular to the axis of rotation. 
The consequence is manifest, that these two forces 
cannot counterpoise each other, except in their 
action on particles situated on the equator of the 
revolving body. Let us consider the addition of 
a particle situated any where between the equator 
and the pole, ^nd free to move under the joint 
action of these two forces. 

In order that such a particle may be held in 
equilibrium, the two forces must act on the same 
straight line, and in opposite directions. This is 
not the case in question, for gravity draws the 
particle to the centre of the earth, while the oen- 
trifu^l force urges it from the axis in a plane per- 
pendicular to that axis. The direction of these 
two forces is inclined under an angle which is 
nothing at the equator, and increases from the 
equator to the poles. But the eflTect produced by 
the centrifugal force may always be obtained by 
the joint action of two forces, the one directed to 
the earth, the other tangent to the earth^s sur&ce. 
Substituting these two forces for the centrifrigal 
force, we perceive that the partial force directed 
towards tne earth's centre is destroyed by gravi- 
tation, while the tangential force exerts its frdl 
power to move the particle towards the equator 
of the earth. 

This being understood, it is manifest that as 
particles are coming constantly from both poles 
towards the equator, that a change of figure in the 
earth must be effected. It becomes protuberant 
at the equator, and is flattened at the poles. 

The question now arises, whether there be any 
limit to this change of figure. In case the velocity 
of rotation continues undiminished, is there not 
reason to fear that the earth will grow more and 
more protuberant at the equator, heaping up the 
matter higher and higher, till the figure of the 
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earth be destroyed, and its surface rendered unin- 
habitable i Theory has answered this important 
question ; and it has been Ailly demonstrated that 
the figure of the earth cannot pass a limit, which 
it has even now actually attained, and its present 
form will not change, from the action of the centri- 
fugal force, in millions of years. A condition of 
equilibrium has been attained, and all further 
change is at an end. Indeed, if we examine care- 
fiilly the subject, we may readily perceive, from 
the nature of the forces, and the conditions of the 
problem, that such a result might have been anti- ^^2^ ^/A-^-* 
cipated. As the earth grows more protuberant, ij/^/i^fi/rt»*^ 
changing from the spherical form, the particles # i/f^^M^- 
must be heaved up the side of this elevated ridge Z-vf '■■''* 
which belts the earth around the equatorial regions, /V^^Vt**^* C 
and finally the resistance they meet from the ele- ^ //^' *^^,-i*^ 
vation they are obliged to overcome, is quite equal ^ fhc^-.^^ 
to the moving force, and the two destroy each 4/ \*t* r' 
other. This point attained, equilibrium ensues, 
and further change becomes impossible. 

Such is the beautiful order of nature, such the 
admirable arrangement for stability and perpetuity . 
every where manifested, that the thought con- 
stantly comes to the mind that divine wisdom 
alone could have framed so admirable a system. 

But the question may here arise, is this a mere 
theoretic result ! Has observation confirmed the 
theoretic figure i I answer thaib observations, the 
most numerous and diversified, have all united 
their harmonious testimony to the truth of these 
beautiful results. In executing exact measures of 
the degrees of a meridian passing through the 
poles round the earth, the length of the degree ii 
found to increase from the equator towards the 
poles, showing that the curvature is more flattened 
as we recede from the equator. But a more deli- 
cate proof is found in the vibration of the pendu- 
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lum. A pendulam of a given length will vibrate 
with a velocity precisely proportioned to the inten- 
sity of the force of gravity which operates on it. 
But the intensitv of gravity decreases as the square 
of the distance n*om the centre increases, so that 
it is manifest that the force of gravity is less at 
the equator than at the poles, in case the sur&ce 
at the equator is farther from the centre than at 
thejpoles, which is the fiwst asserted by theory. 

This being understood, we are prepared to 
determine the exact figure of the earth, by tran- 
sporting a pendulum of given length from the 
equator to different latitudes north and south. — 
The number of vibrations in one hour being accu- 
rately counted at the equator, as we recede north 
or south, will determine with certainty whether 
we are approaching to, or going farther from the 
earth^s centre. These experiments have actually 
been performed, and with the most satisfactory 
results. The number of vibrations in an hour 
increases the farther we go north or south, and in 
a ratio giving the strongest confirmation to the 
truth of the earth^s figure derived from the theo- 
retic investigations — each combining to show that 
y the polar diameter of the earth is but 7,898 miles, 
while the equatorial diameter is 7,924 miles, pro- 
ducing a sort of ridge or belt around the equa- 
torial regions, rising about thirteen miles above 
the general spherical surfece described about the 
polar axis as a diameter. 

More than two thousand years have passed 
away since a discovery was made, showing that 
the sun^s path among the fixed stars was slowly 
changing. — The point at which it crossed the 
equatorial line, and which for ages had been re- 
garded as fixed, was finally detected to have a slow 
retrograde motion, producing ifa^precemon of the 
equinoxes. The fact was received, but no depth of 
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penetration, no stretch of intellectual vigour could 
divine the cause of this inexplicable change. 
Another fact was revealed about the same time : 
— It was found, by attentive examination, that 
the north pole of the heavens, the point in >vhich 
the prolongation of the earth's axis pierces the 
celestial sphere, was actually changing, by slow 
degrees, its place among the fixed stars. The 
bright star which, in former ages, had marked the 
place of the pole, and whose circle of diurnal revo- 
lution was scarcely to be perceived from its small- 
ness, as centuries slowly glided by, was increasing 
its distance from the pole, gradually describing 
around it a circle of greater radius. An atten- 
tive examination of the stars near the pole, and 
not of the stars in its neighbourhood. 

Now, incredible as this statement may appear, 
modern science has traced these phenomena, the 
revolution of the equinoctial point, and the move- 
ment of the north pole of the heavens, to a com- 
mon origin, and has demonstrated, in the clearest 
manner, that they are both consequences of the 
spheroidal figure of the earth, which we have just 
examined. It is not my design to enter into an 
elaborate investigation of this wonderful subject, 
but, in accordance with the plan already ail^ 
nounced, I cannot leave you with a mere announce- 
ment of a truth so startling, without some effort 
to explain how this may be. The subject is diflS- 
<5ult, but favoured by jrour close attention^ I do not 
despair of rendering it approximately intelligible. 

Let us conceive the earth'^s axis to be a solid 
bar of iron driven through the centre of the earth, 
coming out at the poles, and extending indefi- 
nitely towards the spnere of the fixed stars. Now 
turn this axis up until it stands perpendiculair to 
the plane of the orbit in which the earth revolves 
G 2 
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around the sun. Then do the equator and ecliptic 
exactly coincide, and if the fixed stars are at a dis- 
tance nearly infinite, the point in which the 
earth'*8 axis prolonged pierces the heavens will ap- 
pear stationary, so far as the revolution of the 
earth in its orbit is concerned. Now if this iron 
axle could be grasped by some giant hand, and 
drawn away from its upright or perpendicular po- 
sition, the solid earth would turn with it, and the 
equator, ceasing to coincide with the ecliptic or 
plane of the earth's orbit, comes to be inclined to 
it, under an angle precisely equal to the angle 
through which the axis has been inclined. It is 
thus seen that no change can be wrought on the 
position of the axis, that does not involve a cor- 
responding change in the whole earth, and espe- 
cially in the plane of the equator, which must ever 
remain perpendicular to the axis in all its positions. 
The reverse of this proposition is equally mani- 
fest. If the solid earth be seized at the ecj^uator, 
and be turned up or down, the axis will participate 
in this movement, and its change will exhibit 
itself in the changed position of the point in which 
it meets the celestial sphere. One step more, and 
the difiiculty is surmounted. Conceive a flat wheel 
of wood floating on still water. Through its 
centre pass an axle which stands perpendicular to 
the surface of the wheel and water. So long as 
the wheel floats level, the axle stands erect. But 
in case the north half of the wheel is tilted dowti 
under the water, the south half at the same time 
rising out of the water, the axis will tilt towards 
the north. Bring the wheel again to its level po- 
sition. Now plunge the eastern portion of the 
wheel below the sur&ce. — The axis now is tilted 
towards the east. The experiment is simple, and 
shows that, in case the successive portions of the 
wheel be submerged, the axis will always be tilted^ 



UNIVERSAL GRAVITATION, J 47 

towards the point which goes under first. To 
reverse the experiment, in case we take hold of the 
axle, and turn it east, it sinks the eastern half of 
the wheel below the surface of the water, while 
the western half is raised out of it, and then in 
case we make the upper part of the axis follow 
round the circumference of a circle whose surface 
is parallel to that of the water, and whose centre 
is exactlv above the centre of the wheel, it will 
be seen that, as the axle moves round, successive 
portions of the wheel are submerged, until finallv 
the water-line will have divided the wheel into all 
its successive halves, and will have successively co- 
incided with every possible diameter of the wheel. 

Now for the application. The level surface of 
the water is the level plane of the earth's orbit, 
the wheel is the earth'*s equator, and the axle is 
the earth^s axis, of rotation. One-half of the 
eouator is constantly submerged below the plane 
01 ecliptic — the other half rises above it. But the 
water line, or the intersection of these two planes, 
the eauinoctial line, cannot remain fixed in the 
same line. A power does seize the equator and 
plunge successive halves of it beneath the plane of 
the ecliptic, changing perpetually thejwater line, 
until finally each half in succession, into which all 
its diameters can be divided, are sunk below the 
surface, or plane of the ecliptic, thus causing the 
earth'*s axis to tilt over towards the portions 
successively submerged, until it finally sweeps 
entirely round and comes to resume its first 
position. 

But do you now demand what power seizes the 
earth'*s protuberant equator, and tilts it successively 
towards every point of the compass ? I answer, 
that the power is lodged in the sun and moon, 
and it is their combined action which works out 
these wonderful results. In case the sun and 
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moon were so situated as always to be in the plane 
of the eartVs equator, then they would have no 
power to change the position of the equator. But 
we know that they are not in this plane, except 
when passing through it, and are found sometimes 
on the north and sometimes on the south side of 
it. Wherever either of them may be, the nearest 
half of the redundant matter about the earth'*s 
equator will be more forcibly attracted than the 
remote half, and the equator will be tilted towards 
the attracting body, and the axis of the earth will 
follow the move^?ent of the equator to which it is 
firmly fixed. /^ 

Thus does the earth's whole solid mass sway to 
the motion of the ring of matter heaped up around 
the equator, delicately and beautifully sensitive to 
all the changes in the relative places of the sun 
and moon. Neither the earth nor its axis are 
ever, for one moment, released from the action of 
these remote bodies. However slight the effects, 
however varied in action, oscillating to every point 
within certain prescribed limits, tne stability is 
preserved^ and the final efiTect is a small retrograde 
motion of the equinox at the end of every year, 
and a slight change in the place of the pole of the 
c^ heavens. 

But there is no insolated matter in the universe. 
Every particle of matter attracts every other par- 
ticle of matter, and it is impossible for the sun and 
moon to exert any influence on the equatoral ring 
of matter which belongs to our globe, without 
feeling, in their turn, the reaction of this ring on 
themselves. — The remote and ponderous sun may, 
in consequence of its vast size and distance, escape 
from any effect capable of being detected by ob- 
servation. But this is not the case with the 
moon. Her proximity to the earth and diminu- 
tive mass, render her peculiarly sensitive to the 
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influence of the redundant matter at the earth's 
equator, and as her attraction tilts the plane of the 
earth's equator, so does the equatorial ring tilt the 
plane of the moon'*s orbit. These eflfects have 
been accurately observed and measured, and strange 
to relate, their exact values have exhibited the 
figure which belongs to the earth with for greater 
precision than can be obtained from measures on 
its surface. We may even go farther, for such is 
the intimate relationship between the earth and its 
attendant satellite, that there is scarcely a ques- 
tion can be asked with reference to the one, that 
is not answered by the other. 

If we demand the weight of the earth when 
compared with the sun, the moon answers. If 
the excess of the equatorial diameter of the earth 
over the polar be required, the moon answers. If 
the homogenity of the interior of the solid earth 
be required, the moon replies. If the thickness 
of the earth's crust is sought for, question the 
moon, and the answer comes. If you would know 
the sun s distance from the earth, ask the moon. 
If the permanency of the axis of rotation be re- 
quired, ask the moon, and she alone yields a satis- 
factory reply. Finally, if curiosity leads us to in- 
quire whether it may not have changed by a 
single second in a thousand years, we go to the 
moon for an answer, and in each and every in- 
stance her replies to all these profound and 
mysterious questions are clear ana satisfactory. 
How wonderful the structure of the universe ! 
How gigantic the power of the human intellect ! 
If all the stars of heaven were struck from exist- 
ance ; if every planet and satellite which the eye 
and the telescope descry, inside and beyond the 
sun's orbit, were swept away for ever, and the 
sun, earth and moon alone remained for the 
study of man, and as evidences of the being and 
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wisdom of God, in the exquisite adjustments of 
this system, in the reciprocal influences of its three 
bodies, in their vast cycles of configuration, in 
their relative masses, magnitudes, distances, mo- 
tions, and perturbations, there vrould remain 
themes sufficient; for the exercise of the most 
exalted genius, and proof of the being of God, so 
clear and positive, that no sane mind could com- 
prehend and disbelieve. 
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CHAPTER VI. 

THE STABILITY OF THE PLANETABT 8T8TEM. 

When by the application of a single great law, 
the mind bad succeeded in resolving tbe difficult 
problems presented by the motions of the earth 
and its satellite, the moon, it rose to the examin- 
ation of the higher and more complicated questions 
of the stability of the entire system of planets, 
satellites, and comets, which are found to pursue 
their course round the sun. The number of bodies 
involved in this investigation, their magnitudes 
and vast periods of revolution, their great (ustances 
from the observer, and the exceeding delicacy of 
the required observations, combined with the high 
interest which attaches itself to the final result, 
have united to render this investigatiou the most 
wonderful which has ever employed the energies 
of the human mind. 

To comprehend the dignity and importance of 
this great subject, let usra{)idly survey the system, 
and moving outward to its known boundaries, 
mark the number and variety of worlds involved 
in the investigation. Beginning, then, at the 
great centre, the grand controlling orb, the sun, 
we find its magnitude such as greatly to exceed 
the combined masses of all its attendant planets. 
Indeed, if these could all be arranged in a straight 
line on the same side of the sun, so that their joint 
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effect might be exerted on that body, the centre 
of gravity of the entire system thus located, would 
scarcely fall beyond the limits of the sun'*s surface. 
At a mean distance of 36,000,000 of miles from 
the sun we meet the nearest planet. Mercury, 
revolving in an orbit of considerable eccentricity, 
and completing its circuit around the sun in a 
period of about eighty-eight of our days. . This 
world has a diameter of only 3,140 miles, and is 
the smallest of the old planets. Pursuing our 
journey, at a distance of 68,000,000 of miles from 
the sun, we cross the orbit of the planet Venus. 
Her magnitude is nearly equal to that of the earth. 
Her diameter is 7,700 miles, and the length of her 
year is nearly 1225 of our days. The next planet 
we meet is the earth, whose mean distance from 
the sun is 95,000,000 of miles. The peculiarities 
which mark its movements, and those of its satel- 
lite, have been already discussed. Leaving the 
earth, and continuing our journey outward, we 
cross the orbit of Mars, at a mean distance from 
the sun of 142,000,000 of miles. This planet is 
4,100 miles in diameter, and performs its revolu- 
tion around the sun in about 687 days, in an orbit 
but little inclined to the plane of the ecliptic. Its 
features, as we shall see hereafter, are more like 
those of the earth than any other planet. Beyond 
the orbit of Mars, and at a mean distance from 
the sun of about 250,000,000 of miles, we en- 
counter a group of small planets, eight in number, 
presenting an anomaly in the system, and entirely 
different from anything elsewhere to be found. 
These little planets are called asteroids. Their 
orbits are, in general, more eccentric, and more 
inclined to the ecliptic, than those of the other 
planets ; but the most remarkable fact is this t — 
that their orbits are so nearly equal in size, that 
when projected on a common plane, they are not 
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enclosed, the one within the other, but actually 
cross each other. 

We shall return to an examination of these 
wonderful objects hereafter. At a mean distance 
of 485,000,000 of miles from the sun, we cross the 
orbit of Jupiter, the largest and most magnificent 
of all the planets. His diameter is nearly 90,000 
miles. He is attended by four moons, and per- 
forms his revolution round the sun in a period of 
nearly twelve years. — Leaving this vaafc world, and 
continuing our journey to a distance of 890,000,000 
of miles from the sun, we cross the orbit of 
Saturn, the most wonderM of all the planets. 
His diameter is 76,068 miles, and he sweeps round 
the sun in a period of nearly twenty-nine and a 
half years. He is surrounded by several broad 
concentric rin^s, and is accompanied by no fewer 
than seven satellites or moons. The interplanetary 
spaces we perceive are rapidly increasing. The 
orbit of Uranus is crossed at a mean distance 
from the sun of 1,800,000,000 of miles. His 
diameter is 35,000 miles, and his period of revo- 
lution amounts to rather more than eighty-four of 
of our years. He is attended by six moons, and 
pursues his journey at a slower rate than any of 
the interior planets. Leaving this planet, we 
reach the known boundary of the planetary system, 
at a distance of about 3,000,000,000 of miles from 
the sun. Here revolves the last discovered planet, 
Neptune, attended by one, probably by two moons, 
and completing his vast circuit about the sun in a 
period of one hundred and sixty-four of our years. 
— His diameter is eight times greater than the 
earth's, and he coptains an amount of matter suffi- 
cient to form one hundred and twenty-five worlds 
such as ours. 

Here we reach the known limit of the planetary 
worlds, and standing at this remote point and look- 
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ing back towards the sun, the keenest vision ot 
man could not descry more than one solitary planet 
along the line we have traversed. The distance is 
so ^eat, that even Saturn and Jupiter are utterly 
invisible, and the sun himself has shrunk to be 
scarcely greater than a fixed star. 

There are certain great characteristics which 
distinguish this entire scheme of worlds. They 
are all nearly globular — they all revolve on axes — 
their orbits are all nearly circular — they all revolve 
in the same direction around the sun — ^the planes 
of their orbits are but slightly inclined to each 
other, and their mocms follow the same general 
laws. With a knowledge of these generd facts, 
it is proposed to trace the reciprocal influences of 
all these revolving worlds, and to learn, if it be 
possible, whether this vast scheme has been so 
constructed as to endure while time shall last, or 
whether the elements of its final dissolution are 
not contained within itself, either causing the 
planets, one by one, to drop into the sun, or to re- 
cede firom this great centre, released from its influ- 
ence, pursue their lawless orbits through unknown 
re^ons of space. 

^fore proceeding to the investigation of the 
great problem of the stability of the universe, let 
us examine how &r the law of gravitation extends 
its influence over the bodies which are united in 
the solar system. A broad and distinct line must 
be drawn between those phenomena, for which 
gravitation must render a satis&ctory account, and 
Qiose other phenomena, for which it is in no wise 
responsible. In the solar system we find, for 
example, that all the planets revolve in the same 
direction «*ound the sun, in orbits slightly ellipti- 
cal, and in planes but little inclined to each other. 
Neither of these three peculiarities is in any way 
traceable to the law of gravitation. 
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Start a planet in its career, and, no matter 
what be the eccentricity of its orbit, the direction 
of its movement, or the inclination of the plane in 
which it pursues its journey, once projected, it 
falls under the empire of gravitation, and ever 
after, this law is accountable for all its movements. 
We are not, therefore, to regard the remarkable 
constitution of the solar syst^u as a result of any 
of the known laws of Nature. 

If the sun were created, and the planetsury 
worlds formed and placed at the disposal of a 
being possessed of less than infinite wisdom, and 
he were required so to locate them in space, and 
to project them in orbits, such that their revolu- 
tions should be eternal, even with the assistance of 
the known law of motion and gravitation, this finite 
being would fail to construct his required system. 

Let it be remembered, that each and every one 
of these bodies exerts an influence upon all the 
others. There is no isolated object in the system. 
Planet sways planet, and satellite bends the orbit 
of satellite, until the primitive curves described, 
lose the simplicity of their character, and perturb- 
ations arise, which may end in absolute destruction. 
There is no chance work in the construction of 
our mighty system. Every planet has been 
weighed and poised, and placed precisely where it 
should be. If it were possible to drag Jupiter 
from its orbit, and cause him to change places 
with the planet Venus, this interchange of orbits 
would be fatal to the stability of the entire system. 
In contemplating the delicacy and complexity of 
the adjustment of the planetary worlds, the mind 
cannot fail to recognise the &ct that, in all this 
intricate balancing, there is a hi^er object to be 
gained than the mere perpetuity of the system. 

If stability had been the sole object, it might 
have been gained by a far simpler arrangement. 
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If God bad so constituted matter that the sun might 
have attracted the planets, while these should exert 
no influence over each other — ^that the planets might 
have attracted their satellites, while these were 
free from their reciprocal influences — ^then, indeed^ 
a system would have been formed, whose mover 
ments would have been eternal, and whose stabi- 
lity would have been independent of the relative 
positions of the worlds, and the character of their 
orbits. Give to them but space enough in which 
to perform their revolutions around the sun, so that 
no collisions might occur, freed from this only 
danger, every planet, and every satellite, will pur- 
sue the same undeviating track throughout the 
ceaseless ages of eternity. 

If this statement be true, it may be demanded, 
whv such a system was not adopted. It is impose 
sible for us to assign all the reasons which led to 
the adoption of the present complicated system. 
Of one thing, however, we are certain : — K G^ 
designed that in the heavens his glory and his 
wisdom should be declared, and that in the study of 
bis mighty works, his intelligent creatures should 
rise higher and higher towards his eternal throne, 
then, indeed, has the present system been admir- 
ably constituted for the accomplishment of this 
grand design. To have acquired a knowledge of 
a system constituted of independent planets, free 
from all mutual perturbations, would have required 
scarcely no effort to the mind, when compared 
with that put forth in the investigation of the pro- 
sent complex construction of the planetary system. 
The mind would have lost the opportunity of 
achieving its greatest triumphs, while the evidence 
of infinite wisdom displayed in the arrangement 
and counterpoising of the present system would 
have been lost for ever. There is one other thought 
which here suggests itself with so much force that 
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I cannot turn away from it. We speak of gravi- 
tation as some inherent quality or property of 
matter, as though matter could not exist in case 
it were deprived of this quality. This is, how- 
ever, a false idea. Matter might have existed 
independent of any quality which should cause 
distant globes to influence each other. This force 
called gravitation, even admitting that it must 
have an existence, no special law of its action 
could have forced itself on matter to the exclusion 
of all other laws. Why does this force diminish 
as the square of the distance at which it operates 
increases ? There are almost an infinite number 
of laws according to which an attraction might 
have exerted itself, but there is no one which 
would have rendered the planets fit abodes for sen- 
tient beings, such as dow dwell on them, and 
which would at the same time have guaranteed the 
perpetuity of the system. Admitting, then, that 
matter cannot be matter, without exerting some 
influence on all other matter, (which I am un- 
willing to admit), in the selection of the law of 
the inverse square of the distance, there is the 
strongest evidence of design. 

If we rise above the law of gravitation to the 
Great Author of nature, and regard the laws of 
motion and of gravitation as nothing more than 
the uniform expressions of his will, we perceive at 
once the impossibility of constructing the universe 
in such manner that the sun should attract the 
planets, without these attracting each other ; or 
that the planets should attract their satelites with- 
out, in turn, being reciprocally influenced by their 
satelites ; for this would be ec^uivalent to saying 
that the will of the same Almighty being should 
exert itself, and not exert itself, at the same mo- 
ment, which is impossible. As there is but one 
GfoA, so there is but one kind of matter, governed 
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by on6 law, applied by infinite wisdom to the for- 
mation of suns and systems without number, 
crowding the illimitable regions of space, all mov- 
ing harmoniously, fulfilling their nigh destiny, 
and all sustained by the single arm of divine Om- 
nipotence. 

We now proceed to an examination of the great 
question, Is the system of worlds by which we are 
surrounded, and of which our earth and its moon 
form a part, so constructed that, under the opera- 
tion of the known laws of nature, it shall for ever 
endure, without ever passing certain narrow limits 
of change, which do not in any way involve its 
stability ? 

It is well known that the j)lanets revolve in 
elliptical orbits of small eccentricity — ^that under 
the action of the primitive impulse by which they 
were projected in their orbits, they would have 
moved off in a straight line, with a velocity pro- 
portioned to the intensity of the impulse, and 
which would have endured for ever; but being 
seized by the central attraction of the sun, at the 
moment of starting in their career, the joint 
action of these two forces, bends the planet from 
its straight direction, and cause it to commence a 
curvilinear path, which carries it round the sun. 

The question which first presents itself is this : 
— If the central force lodged in the sun has the 
power to cause a planet to diverge from the straight 
line in which, but for this, it would have moved — 
if it draw it into a curved path, will not this 
central force, which is ever active, finally over- 
come, entirely, the impulsive force originally given 
to the planet, draw it closer to the sun in each 
successive revolution, in a spiral orbit, until, 
finally, the planet shall fall into the sun, and be 
destroyed for ever ! This question arises independ- 
ent of the extraneous influence which the planets 
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exert over each other. It refers to a solitary 
globe revolving around the sun, under the influ 
ence of a central force which varies its action as 
does the law of gravitation. The problem has 
been submitted to the most rigorous mathematical 
examination, and a result has been obtained which 
settles the question in the most absolute manner. 
The amount by which the central force, in a mo- 
ment of time, overcomes the effect produced by the 
primitive impulse, is a quantity infinitely small^ 
and of the second order. If it were to be infinitely 
small in each moment of time, then might it accu- 
mulate so that, at the end of a vast period, it 
mi^ht become finite and appreciable. But because 
it IS of the second order of infinitely small qttan- 
titles^ before it can become an infinitely small 
quantity of the first order, a period equal to infinite 
ages must roll by, and to make a finite appreciable 
quantity out of this, an infinite cycle of years 
must roll round an infinite number of years ! 

Such is the answer given by analysis to this 
wonderfiil question. *' Is there no change f 
demands the astronomer. " Yes,'"* answers the 
all-seeing analysis. " When will it become appre- 
ciable V asks the astronomer. " At the end of a 
period infinitely long, repeated a number of times,"' 
is the reply. 

Having settled this important question, it re- 
mains now to examine whether the mutual attrac- 
tions of the planets on each other may not, in the 
end, change permanently the form of their orbits, 
and lead, ultimately, to the destruction of the sys- 
tem. To comprehend more readily the nature of 
the examination, let us review the points involved 
in the permanency of our orbit. 

Take, for example, our own planet, the earth, 
It now revolves in an elliptic orbit, whose magni- 
tude is determined by the length of its longer axid, 
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and by its eccentricity. These elements are readily 
deduced from observation. If it were possible to 
construct this orbit of some material, like wire, 
which would permit us to take it up and locate 
it in space at will, to enable us to give it the posi- 
tion now occupied by the actual orbit of the earth, 
we must first carry its focus to the sun'^s centre ; 
we must then turn its longer axis around this cen- 
tre as a fixed point, until the nearest vertex of the 
wire orbit shall fall upon that point of the earth's 
orbit which is at this time nearest to the sun. 
Having accomplished this, the axes will coincide 
in their entire length, and to make the orbits coin- 
cident, we must revolve the artificial one around 
the now common axis, until its plane shall fall 
upon the actual orbit of the earth. 

If, now, change should ever come, in the abso- 
lute coincidence of these two orbits, regarding the 
iron one as fixed and permanent, the orbit of na- 
ture may vary from it in any one or all of the 
following ways: — First. The natural orbit, all 
other other things remaining the same, may leave 
the fixed orbit by a variation of eccentrity; — 
that is, may become more or less nearly circular. 
Second. The planes of the orbits remaining 
coincident, the curves may separate from each 
other, in consequence of an angular movement 
of the longer axis of the natural orbit, by means 
of which the vertex of the natural curve shall be 
carried to the right or to the left of the vertex of 
the fixed one. . Third. While these causes are 
operating to produce change, an increase of devi- 
' ation may be occasioned by the fact that the two 
planes may become inclined to each other, thmt 
causing the natural orbit to lie partly above and 
partly below the fixed one* These, then, are the 
several ways in which the orbits of the planets 
may change ; and to settle the question of sta-* 
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bility, we must ascertain whether these changes 
actually exist, and are progressing constantly in 
the same direction, will ever prove fatal to the 
permanency of the system, finally accomplishing 
its absolute destruction, or rendering it unfit for 
the sustentation of that life which now exists 
upon the planet. 

By a close examination of this great subject, 
both theoretically and practically, it is found that 
the system is so constituted, that not a single pla- 
net or satellite revolves in an orbit absolutely 
invariable. Theory demonstrates that such changes 
must exist, and observation confirms this great 
truth, by showing that they actually do exist. 

Draw, in imagination, a straight line from the 
8un'*s centre, through the perihelion, or nearest 
point to the sun of the eartn''s orbit, and let it be 
extended to the outermost limits of the entire sys- 
tem. On this locate the perihelion points of the 
orbits of all the planets and in these points 
fix the planets themselves. They are now all 
on the same side of the sun, the longer axes of 
their orbits are in the same direction, and they are 
all located at their nearest distance from the sun, 
or in perihelion. The planes of the orbits are in- 
clined to each other under their proper angles, and 
they all intersect in a common Ime of nodes pass- 
ing through the sun'^s centre. Now give the en- 
tire group of planets their primitive impulse, and 
at the same instant they start in their respective 
orbits round the sun. Now, in case no perturba- 
tions existed, the perihelion points, the inclinations, 
and the lines of nodes, would remain fixed for 
ever, and although millions of years might pass 
away before the planets would again resume their 
primitive position with reference to each other, 
yet the time would come when a final restoration 
would be effected. 
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At the end of 164 jeani, Neptune will have 
completed its revolution round the sun, and will 
return to its starting point. All the other planets 
will have performed several revolutions, but each, 
on reaching the point of departure, will find the 
perihelion of its orbit changed in position, the 
inclination altered, and the Ime of nodes riiifted. 
These changes continue until the longer axes of 
the orbits, which once coincided, ra£ated from 
tiie sun in all directions. The lines of nodes, once 
common, now diverge imder all angles, the incli- 
nations increasing or decreasing, and even the 
figures of the orbits undergoing constant mutation ; 
and the grand question arises, whether these 
changes, no matter how slow, are ever to o(mtinue 
processing in the same direction, until all the 
original fin^ures of the system shall be effiioed, 
and the possibility of return to the primitive con- 
dition destroyed for ever. 

Such a problem would seem to be £ftr too deep 
and complicated ever to be grasped by the human 
intellect. It is true that no single mind was able 
to accomplish its complete solution, but the ad- 
vance made by one has been steadily increased by 
another, until, finally, not a question remains un- 
answered. The solution is complete, yielding 
results of the most wonderful character. 

We shall examine this great problem in detul, 
and commence with the figure of the orbit of any 
planet, our eardi, for example. 

The amount of heat received from the sun by 
the earth depemls, other things being the same, on 
the minor axis of its ecliptic orbit. Any change 
in the eccentricity operates directly to increase or 
decrease tiie diorter axis, and consequently in- 
crease or decrease the mean annual amcnint of heat 
receipted ftom the sun. Now we know that ani- 
mal and vegetable life is adjusted in such a way 
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that it requires almost exact uniformity in the 
mew annual amount of heat which it shall enjoy. 
Am increase or decrease of two or three de^prees 
io temperature would make an entire revolution 
in the animals and plants belonging to the region 
experiencing such a change. I^ then, it be traie 
that the eccentricity of the earth'^s orbit is actually 
changing, under the combined action of the other 
planets, may this change continue so &r as to sub- 
vert the order of nature on its surface ! — This 
question has been smswered in the most satisfactory 
nftanjoer. 

It is fiHmd that the great axes of the planetary 
orbits aire subjected to slight and temporary varia- 
vatioDS, returning, in comparitively short periods, 
to their primitive values. This important &ot 
gttarantees the permanency of the periodic times, 
«o that it becomes possible to deduce, with the ut- 
most precisbn, the periodic times of the planets, 
from we mean of a large number of revoiuti(»is. 
That of the earth is now so aceuratdy known, and 
80 absolutely invariable, that we know it will be a 
million of years hence, sho«ild the system remaia 
as it now is, as perfectly as at the present momrat. 
But neither of tnese elements secures the inability 
of the eccentricity or of the minor axis. lAgranse, 
however, demonstrated a relation between me 
masses of the planets, their major axis and eccen- 
tricities, such, that while the masses remain con* 
stant, and the axes invariable, tiie eocentrioty can 
<Hil^ vaiy its value through extr^nely narrow 
limits. These limits have heen assigned, beyond 
which the diange can never pass, and within these 
narrow bounds we find the odbits of all the fdanets 
abwly vibrating backward and forward, in periods 
which actually stun the imagination. 

This remarkable law for the preservation of 
^e qrstem would not hold in any other oiganisa- 
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tion. It demands orbits nearly circular, with 

i)lan68 nearly coincident, with periodic times re- 
ated as are those of the planets, and the planets 
themselves located as they actually are. No inter- 
change of orbits is admissible ; but, constituted as 
the system now is, the perpetuity is absolutely 
certain, so far as the change of eccentricity is con- 
cerned. 

Let us now examine the changes which affect 
the position of the major axis in its own plane. — 
The perihelion of every orbit is found to be slowly 
advancing. Nor is this advance ever to be changed 
into a retrograde motion. The movement is ever 

[>rogressive m the same direction, and the perihe- 
ion points of all the orbits are slowly sweeping 
round the sun. That of the earth^s orbit accom- 
plishes its revolution in one Anndred and elswn 
thousand years ! Owing to a retrograde motion in 
the vernal equinox, carrying it around in the oppo- 
site direction in 25,868 years, the perihelion and 
equinox pass each other once in 20,984 years. — 
Knowing their relative positions at this moment, 
and their rates of motion, it is easv to compute 
the time of their coincidence. Their last coinci- 
dence took place 4,089 years before the Christian 
era, or about the epoch usually assigned for the 
creation of man. The effect of the coincidence of 
the perihelion with the vernal equinox, is to cause 
an exact equality in the length of spring and sum- 
mer, compared with autumn and winter. In other 
language, the sun will occupy exactly half a year 
in passing from the vernal to the autumnal equi- 
nox, and the other half in moving from the 
autumnal to the vernal equinox. 

At present, the line of equinoxes divide the 
earth's elliptic orbit into two unequal portions.^- 
The smaller part is passed over in the fall and 
winter, causing the earth to be nearer the sun at 
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tbiB season than in summer, and making a differ- 
ence in the length of the two principal seasons, 
summer and winter, of some seventeen and a half 
days. This inequality, which is now in favour of 
summer, will eventually be destroyed, and the 
time will come when the earth will be farthest 
from the sun during the winter, and nearest in the 
summer. But at the end of a great cycle of more 
than 2,000 years, all the changes will have been 
gone through, and, in this respect, a complete 
compensation and restoration will havebeen effected. 

This epoch of subordinate restoration will find 
the perihelion of the earth^s orbit located in space 
fiu* distant from the point primitively occupied. — 
Five of these grand revolutions of 20,984 years 
must roll round before the slow movement of the 
perihelion shall bring it back to its starting point. 
110,000 years will then restore the axis of the 
earth's orbit, and the equinoctial line, nearly to 
their relative positions to each other, and to the 
same region of absolute space occupied at the 
beginning of this grand cycle. 

If now, we direct our attention to the other 
planets, we find their perihelion points all slowly 
advancing in the same direction. That of the 
orbit of Jupiter performs its revolution round the 
sun in 186,207 years, while the perihelion of Mer- 
cury's orbit occupies more than 200,000 years in 
completing its circuit round the sun. To effect a 
complete restoration of the planetary orbits to their 
original position, with reference to their perihelion 
points, will require a grand comp6und cycle, 
amounting to millions of years. Yet the time 
will come when all the orbits will come again to> 
their primitive positions, to start once more on 
their ceaseless journey. 

In the changes of the eccentricities, it will be 
remembered, the stability of the system was in- 
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volTBd. Should these ehangear be eter progre^' 
sive, no matter how slowly, a time would finalty 
come when the original figure ei the orbit woidd 
be destroyed, the planet either falling into tite 
sun, or sweeping away into unknown regions of 
space. But a limit is assigned, beyond wfaieb Ae 
change can never pass. Some of the pianetaiy 
orbits are becoming more circular, others mate 
elliptical ; but all have their limits fixed. The 
earth^s orbit, for example, should the present rate 
of decrease of cccentaricity continue^ in about half 
a million of years will become an exact circle. — 
There the progressive motion of the dianses stope^ 
and it slowly commences to recover its eBipticity. 
This is not the case with the motions of the peri- 
helia. Their positicms are in no way involved in 
the well being of a planet, ot in its capacity te 
sustain the life which exists on its surfece ; and 
since the stability of the i^tem is not endangered 
by progressive change^ it ever continues in the 
same direction, imtil me final restoration is effected^ 
by an entire revolution about the sun. 

Let us now examine the indinatioasr of flie 
planetary orbits. Here it is found that there is na 
guarantee for the stability of the irystem, provided 
the angles under which the orbits of the planets 
are inclined to each other do not remain so for 
ever. If changes are found to exist, by which the 
inclinations are made to increase without stopping 
and returning to their primitive condition, then is 
the perpetui^ of the system rendered impossible. 
Its fair proportions must slowly wear sway^ the 
liarmony which now prevails be destroyed, and 
chaos must come again. 

Commencing again with the earth, we find that, 
from the earliest ages, the inclination of the earths 
equator to the ecliptic has been decreasing. Since 
the measure of Eratosthenes, 2,078 years ago, the 
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decrease has amounted to 22' 44/' or about half a 
second every year. Should the decrease continue, 
in about 85,000 years the equator and ecliptic 
would coincide, and the order of nature would be 
entirely changed ; — ^perpetual spring would reig^ 
throughout the year, and the seasons would be 
lost for ever. Of this, however, there is no danger. 
The diminution will reach its limit in a compa- 
tively short time, when the decrease of inclination 
will change into an increase, and thus slowly rock 
ing backwards and forwards in thousands of years« 
the seasons shall ever preserve their appointed 

? laces, and seed time and harvest shall never fail, 
^hese changes of inclination are principally due to 
the perturbations of Venus, and arising ftom con- 
figurations, will be ultimately entirely compensated. 
The angles under whidi the planetary orbits are 
inclined to each other are in a constant state of 
mutation. The orbit of Jupiter at this time farms 
xa angle with the ecliptic of 4,731 seconds, and 
this angle is decreasing at such a rate that, in 
about 20,000 years the planes would actually co- 
incide. This would not affect the well being of 
the planets Of the stability of the system, but 
flhouid the same ehange now cc^itinue, the angle 
between the orbits might finally fix them even at 
ri^it angles to each other, and a subvergdcm of the 
present system would result. 

A profound investigation of the problem of the 
planetary inclinations, accomplished by Lagrange, 
resulted in the demonstration of a relation between 
the masses of the planets, the principal axes of 
their orbits, and the inclinations, such that, 
although the angles of inclination may vary, the 
limits are narrow, and they are all found slowly to 
oscillate about their mean positions, never passing 
the prescribed limits, and securing, in this parti*' 
cnlar, the p^petuity of the system* 
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Here, again, we are presented with the remark- 
able fact, that whenever mutati(Hi is of a compen- 
satory character, always returning upon itself, and 
in the long run, correcting its own effects. If all 
this mighty system was organised by chance, how 
happens it that the angular motions of the peri- 
helia of the planetary orbits are ever progressive, 
while the angular motions of the planes of the 
orbits are vibrating? Design, positive and con- 
spicuous, is written all over the system, in charac- 
ters from which there is no escape. 

We now proceed to an examination of the lines 
in which the planes of the planetary orbits cut 
each other, or the lines in wnich they intersect a 
fixed plane. These are called the lines of nodeB. 
They all pass through the sun^s centre, and, in case 
they ever were coincident, they now radiate from 
a common point in all directions. 

Here is an element in no degree involving in ita 
value the stability of the system, and from analogy 
we already begin to anticipate that its changes, 
whatever they may be, will probabljr progress 
always in the same direction. This is actually 
the case. The nodes of the planetary orbits lure 
all slowly retrograding on a fixed plane, and in vast 
periods, amounting toi}housands of years, accom- 
plish revolutions, which, in the end, return them 
to their primitive positions. 

Thus we are led to the following results. Of 
the two elements which fix the magnitude of the 
planetary orbits, the principal axes, and the eccen- 
tricity, the axes remain invariable, while the 
eccentricity oscillates between narrow and fixed 
limits. In the long run, therefore, the magnitudes, 
of the orbits are preserved. 

Of the three elements which give position to the 
planetary orbits, viz. : the place of the perihelion, 
the lines of nodes, and the inclinations, the two 
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first ever vary in the same direction, and accom- 
plish their restoration at the end of vast periods of 
revolution, while the inclinations vibrate between 
narrow and prescribed limits. 

One more point, and we close this wonderfiil 
investigation. The last question which presents 
itself is this : — May not the periodic times of the 
planets be so adjusted to each, as that the results 
of certain configurations may be ever repeated 
without any compensation, and thus, by perpetual 
accumulation, finally effect a destruction of the 
system. 

If the periodic times of two neighbouring planets 
were exact multiples of the same quantity, or if 
the one was double the other, or in any exact ratio, 
then the contingency would arise, above alluded 
to, and there would be perturbations which would 
remain uncompensated. A near approach to this 
condition of things actually exists in the system, 
and gave great trouble to geometers. It was 
found, on comparing observations, that the mean 
periods of Jupiter and Saturn were not constant 
— ^that one was on the decrease, while the other ' 
was on the increase. This discovery seemed to 
disprove the great demonstration which had fixed 
as invariable the major axes of the planetary orbits, 
and guaranteed the stability of the mean motions. 

It was not until after Laplace had instituted a 
long and laborious research, that the phenomenon 
was traced to its true origin, and was found to 
arise from the near commensurability of the 

Seriodic times of Jupiter and Saturn — ^five of 
upiter'^s periods being nearly equal to two of 
Saturn's. In case the equality were exact, it is 
plain that if the two planets set out firom the same 
straight line drawn from the sun, at the end of a 
cycle of five of Jupiter's periods, or two of Saturn's^ 
H 2 ^ 
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they would be again found in the same relative 
positions, and whatever effect the one pUinet had 
exerted over the other would again be repeated 
under the same precise circumstances. Hence 
would arise derangements which would progrese in 
the same direction, and eventually lead to per- 
manent derangement of the system. 

But it happens that five of Jupiter's periods are 
not exactly equal to two of SaturEf's, and in this 
want of equality safety is found. The difference 
is such, that the point of conjunction of the planets 
does not fall at the same points of their orbits, but 
at the end of each cycle is in advance by a few 
degrees. Thus the conjunction slowly works round 
the orbits of the planets, and, in the end, the efibet 

J)roduced on one side of the orbit is compensated 
or on the other, and a mean period of revolution 
comes out for both planets, which is invariable. 
In the case of Jupiter and Saturn, the entire com- 
pensation is not effected until after a period of 
nearly a thousand years. 

A similar inequality is found to exist between 
the earth and Venus, with a period much shorter, 
and producing results much less easily observed. 
In no instance do we find the periods of any two 
planets in an exact ratio. They are all incom- 
mensurable with each other, and in this peculiar 
arrangement we find the stability of the entire 
system is secured. 

So far, then, as the organization of the great 
planetary system is concerned, we do not find 
within itself the elements of its own destruction. 
Mutation and change are everywhere found — all 
is in motion — orbits expanding or contracting — 
their planes rocking up and down — ^their perihelia 
and nodes sweeping m opposite directions round 
the sun, — ^but the limits of all these changes are 
fixed ; — ^these limits can never be passed, and at 
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the end of a vast period, amountin/z: to many mil- 
lions of years, the entire range of fluctuation will 
have been accomplished, the entire system, planets, 
orbits, inclinations, eccentricities, perihelia, and 
nodes, will have regained their original values and 
places, and the great bell of eternity will have 
then sounded ofie. 

Having reached the grand conclusion of the 
stability of the system of planets, in their reciprocal 
influences, and that no element of destruction is 
found in the organization, we propose next to 
inquire whether the same features are stamped on 
the subordinate groups composing the planetary 
system. — ^As our limits will not permit us to enter 
into a ftill examination of all the subordinate 
groups, we shall confine our remarks to our own 
earth and its satellite, Jupiter and his satellites, 
and to Saturn, his rings and moons. We shall, in 
this examination, find it practicable to answer, to 
scnne extent, the inquiry as to whether either of 
these systems has received any shock from external 
causes. We know nothing as to the future, and 
can, in this particular, only form our conjectures as 
to what is to be, from what has been. 

We commence our inquiry by an examination 
of two questions, viz : — Is the velocity of rotation 
of the earth on its axis absolutely invariable. Has 
the relation between the earth and moon ever been 
disturbed by any external cause! There is no- 
thing so important to the well-being of our planet 
and its inhabitants as absolute invariability in the 
period of its axical rotation. The sidereal day is 
the great unit of measure for time, and is of the 
highest consequence in all astronomical investiga- 
tions. If causes are operating, either to increase 
or decrease the velocity of rotation, a time will 
come when the earth will cease to rotate, or else 
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acquire so great a velocity as to destroy its figure, 
and, in the end, scatter its particles in space. 

It is difficult to ascertain from theory a perfectly 
satisfactoiy answer to the question of the invari- 
able velocity of rotation of the earth, but Laplace 
has demonstrated that the length of the day has 
not varied by the hundredth of one second during 
the last two thousand years — ^that is, the length 
of the day is neither greater nor less than it was 
two thousand years ago by the hundredth of a 
second. The reasoning leading to this remark- 
able result is sinople, and may be readily compre- 
hended by all. Two thousand years ago, the du- 
ration of the moon's period of revolution around 
the earth was accurately determined, and was ex- 
pressed in days and parts of a day. The measure 
of the same period has been accomplished in our 
own time, and is expressed in days and parts of a 
day. Now all the causes operating to cnange the 
moon'*s period now and two thousand years ago, 
agree precisely, being accomplished in the same 
number of days and parts of a day — which would 
be impossible, if the unit of measure, the day, had 
varied ever so slightly. 

The extraordinary relation existing between the 
moon^'s period in her orbit and the time occupied 
in her axical rotation, gives us the opportunity of 
ascertaining whether our system has received any 
external shock. These two periods are so accu- 
rately adjusted, that in all respects an exact 
equality exists. The moon ever turns the same 
hemisphere to the earth, and ever will, unless some 
external cause should arise to disturb the perfect 
harmony which now reigns. It is not my purpose 
to explain why it is that this phenomenon exists. 
I merely desire to state, that tnis delicate balanc- 
ing of periods furnishes an admirable evidence that, 
for several thousands of years, at least, no shock 



STABILITY OF THE PLAXETARY SYSTEM. I 73 

has been received by the earth and its satellite. 
Steadily have they moved in their orbit43, subject 
only to the influence of causes originatin/ii^ in the 
constitution of the mighty system of which they 
constitute a part. 

Moving out to a more complex system, we find 
in the remarkable arrangement of the satelites of 
Jupiter, a delicate test for the action of sudden 
ana extraneous causes. Here we find the periodic 
times of the satelites so related, that a thousand* 
periods of the first, added to two thousand periods of 
the third, will be precisely equal to three thousand 
periods of the second. This delicate balancing of 
periods would be destroyed by the action of any 
external shock, such as might be experienced from 
the collision of a comet sweeping through the sys- 
tem. Thus &r, we know that no disturbance has 
entered, and a knowledge of facts will now pass 
down to posterity, which will give the means of 
ascertaining exactly the influence of all disturbing 
causes which do not form a part of the great 
system. 

The last subordinate group, and the most ex- 
traordinary one to which I will at this time direct 
your attention, is that of Saturn and his rings. 
Here we find a delicacy of adjustment and equili- 
brium far exceeding any thing yet exhibited in 
our examinations. This great manet is surrounded 
certainly by two, probably oy three, immense 
rings, which are formed of solid matter, in all re- 
spects like that constituting the central body. 
These wonderful appendages are nowhere else to 
be found, throughout the entire solar system, at 
least with certainty. Their existence has else- 
where been suspected^ but around Saturn they are 
seen with a perfection and distinctness which defies 
all scepticism as to their actual existence. The 
diameter of the outer ring is no less than 176^00 J 
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miles. Its breadth is 21,000 miles, while its 
thickness does not exceed 100 miles. The inner 
ring is separated from the outer one by a space of 
about 1800 mileft— its breadth 34,000 miles, its 
inner ed^e being about 20,000 miles from the sur- 
t&ce of the planet. Its thickness is the same as 
that of the outer ring. These extraordinary ob- 
jects are rotating in the same directiim as the 
planet, and with a velocity so great that objects on 
the exterior ed^e of the outer ring are carried 
through s})ace with the amazing velocity of nearly 
50,000 miles an hour, or nearly fifty times more 
si^ftly than the objects on the earth's equator. 

What power of adjustment can secure the sta- 
bility of these stupendous rings i No solid bond 
listens them to the planet — ^isolated in space, they 
hold thdr places, and revolving with meredibk 
velocity around an imaginary axis, they accompany 
their planet in its mighty orbit round the sun. 
Such is the exceeding delicacy with which this 
system is adjusted, that, the slightest external cause 
once deranging the equilibrium, no readjustment 
would be effected. The rings would be thrown 
on the body of the planet, and the system would 
be destroyed. 

To understand the extraordinary character of 
this system, we will e^lain a little more fiilly the 
three different kinds of equilibrium. The first is 
called an equilibrium of inkabilitf/y and is exempli- 
fied in the effort to balance a rod on the tip of the 
finger. The slightest deviation from the exact 
vertical increases itself constantly, until the equili- 
brium is destroyed. In case the. same rod be ba- 
lanced on its centre on the fingw, it presents an 
example of an equilibrium of indifference ; that is, 
if it DC swayed slightly to the one side or the 
other, there is no tendency to restore itselj^ or to 
increase its deviation. It remains indifferent to 
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any change. Take the same rod, and suspend it 
like a pendulum. Now cause it to deviate from 
the vertical to the right or left, and it returns of 
itself to the condition of equilibrium. This is an 
equilibrium of stability. We have already seen 
that this is the kind of equilibrium which exists 
in the planetary system. There are constant de- 
viations, but a perpetual effort is making to restore 
the object to its primitive condition. 

Now in case the rings of Saturn are homoge- 
neous, equally thick, and exactly concentric with 
the planet, their equilibrium is one of instability. 
The smallest, derangement would find no restora^ 
tive power, and would even perpetuate and increase 
itself, until the system is destroyed. For a long 
time it was believed that the rings were equally 
thick, and concentric with the planet, but when it 
was discovered that such features would produce 
an equilibrium of instability, and that there existed 
no guarantee for the permanency of this exquisite 
system, an analytic examination was made, which 
led to this 8ine;ular result, viz : — To change the 
equilibrium of instability into one of stability, all 
that is necessary is to make the ring thicker or 
denser in some parts than in others, and to cause 
its centre of position to be without the centre of 
the planet, and to perform around that centre a 
revolution in a minute orbit. Finding these con- 
ditions analytically, it now became a matter of 
deep interest to ascertain whether these conditions 
actually existed in nature* The occasional disap- 
pearance of the rin^, in consequence of its edge 
Deing presented to the eye of the observer, gave a 
capital opportunity of determining whether it was 
of uniform thickness. On these rare occasions, in 
the most powerftd telescopes, the ring remains 
visible edgewise, and looks like a slender fibre oi 
silver light drawn across the diameter of the pla- 
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net. In the gradual wasting away of the two 
extremities of the ring, it has been remarked, that 
the one remains visible longer than the other. As 
the ring is swiftly revolving, neither extremity 
can, in any sense, be regarded as fixed, and hence 
sometimes the other, &des first &om the sight. 
An exact uniform thickness in the ring would ren- 
der such a phenomenon impossible, and hence we 
conclude, that the first conaition of stability is fiil-^ 
filled, — ^the rings are not equally thick throughout. 

The micrometer was now applied to detect an 
eccentricity in the central point of the ring. Re- 
cent exammations by Struve and Bessel have set- 
tled this question in the most satisfactory manner. 
The centre of the ring does not coincide with that 
of the planet, and it is actually performing a revo- 
lution around the centre of the planet in a minute 
orbit, thus forming the second delicate condition 
of equilibrium. The analogy of the great system 
is unbroken in the subordinate one. For more 
than two hundred years have these wonderfiil cir- 
cles of light whirled in their rapid career under 
the eye of man, and fi*eed firom all external action, 
they are so poised that millions of years shall in 
nowise affect their beautiM organization. Their 
graceful figures and beautifiil light shall greet the 
eyes of the student of the heavens when ten thou- 
sand years shall have rolled away. 

Thus do we find that God has built the heavens 
in wisdom, to declare his glory, and to show forth 
his handy-work. There are no iron tracks, with 
bars and bolts, to hold the planets in their orbits. 
Freely in space they move, ever changing, but 
never changed; poised and balancing; swaying and 
swayed; disturbing and disturbed, onward they 
fly, fulfilling with unerring certainty their mighty 
cycles. The entire system forms one grand com- 
plicated piece of celestial machinery; — circle 
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within circle ; wheel within wheel ; cycle within 
cycle; revolutions so swift as .to be completed in 
a few hours ; movements so slow that their mighty 
periods are only counted hj millions of years. 
Are we to believe that the Divine Architect con* 
structed this admirably adjusted system to wear 
out, and to fall in ruins, even before one single 
revolution of its complex scheme of wheels had 
been performed ? No. — I see the mighty orbits of 
the planets slowly rocking to and fro, their figures 
expanding and contracting, their axes revolving in 
their vasts periods : but stability is there. Everv 
change shall wear away, and after sweeping through 
the grand cycle of cycles, the whole system shall 
return to its primitive condition of perfection and 
beauty. 
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CHAPTER VII. 



THE DISCOVERT OF NEW PLAITETS. 

Ix the earliest ages of the world, the keen vision 
of the old astronomers bad detected the principal 
members of the planetary system. Even Mer^ 
cury, which habitnally hovers near the sun, and 
whose light is almost lost in the superior brilliancy 
of that luminary, did not escape the eagle glance 
of the primitive students of the stars. For many 
thousand years no suspicion arose in the mind, as 
to the existence of other planets, belonging to the 
great scheme, and which had remained invisible 
from their immense distance or their minute 
dimensions. Indeed the grand investigations 
which have recently engaged our attention, the 
mutation of the planetary orbits, then perpetual 
oscillations and nnal restoration, the equiliorium 
of the whole system, had been prosecuted and 
completed before the mind gave itself seriously to 
the contemplation of invisible worlds. 

The singularly inquisitive genius of Kepler, ovw 
whom analogy seems to have ever played the 
tyrant, in an examination of the interplanetary 
spaces, finding these to increase with regularity in 
proceeding outward from the sun, until reaching 
the space between Mars and Jupiter, which was 
out of all proportion too great, conceived the idea 
that an invisible planet revolved in this space, and 
completed the harmony of the system. The space 
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from the orbit of Mercury to that of Venus is 
31,000,000 of miles ; from the orbit of Vennat to 
that of the earth is 27,000,000 of miles ; from the 
earth's orbit to that of Mars is 50,000,000 of miles, 
but between the orbit of Mars and that of Jupiter, 
there exists the enormous interval of 359,000,000 
of miles. The order is a/^ain resumed between 
the orbits of Jupiter and Safturn, and from tiiese 
slender data Kepler boldlj predicted that a tinoe 
would come when a planet would be found inter- 
mediate between the orbits of Mars and Jupiter, 
whose discovery would establish a r^i^ular progres- 
sion in the interplanetary spaces. Fot nearly two 
hundred years this daring speculation was r^rded 
as one of the wild dreams of a great bat visionary 
mind. 

Towards the close of the eighteenth century, 
wbeo the planetiury orbs had been studied with 
great care, and a comparatively accurate know- 
ledge of their perturbations bad been reached, cer- 
tain unexplained irregularities gave rise to the 
suspicion that the movements of Saturn might be 
disturbed by the action of an unknown planet re^ 
Tolving in a vast orbit, remote from, and tax be* 
yond that of Saturn. These speculations led to 
DO serious results, and it was only by a fortunate 
acddent that, on the 13th of March, 1781, Sir 
William Hersohel noticed a small star of remark- 
able appearance, which happened to fall in the 
field 01 his telescope. On applying a greater nuig- 
nifying power, the strange star dbuowed unequivo* 
eal symptoms of increased dimensions. Its posi- 
tion among the neighbouring stars was noticed 
with care, and by an examination on the following 
evening, the stranger was found to have sensibly 
changed position. A few nights sufficed to esta- 
bhsh the fact that the newly discovered body was 
actually a wandering star, and not for a moment 
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dreaming of the discovery of a new planet, Her- 
Bchel announced to the world that he had found a 
remarkable comet. Efforts were made to obtain 
the orbit of the stranger, on the hypothesis, that 
like those of all the then known comets, it was 
extremely elongated. Maskelyn and Lexell soon 
reached the conclusion that no eccentric orbit could 
possiblv represent the motions of the newly dis- 
covered star, and on a close and diligent examina- 
tion, it was at last discovered to oe a primary 
planet, revolving in an orbit nearly circular, and 
almost coincident with the plane of the ecliptic. 
Its motion was progressive, like the other-planets, 
and its vast orbit was only completed at the end 
of eighty-four of our years. Its distance from the 
sun was found to be no less than l,800,000f of Jl4 
miles, and its dimensions such that out of it might 
be formed more than eighty worlds as large as the 
earth. 

This great discovery excited the highest interest 
in the astronomical world. From the earliest 
ages, the mighty orbit of Saturn had been re- 
garded as forming the boundary of the vast scheme 
of planets dependent on the sun. Its slow and 
majestic motion, its great period and distance, and 
the wonderftil magnificence of its rings and moons, 
seemed to render it a fitting object to ^ard the 
frontiers of the mighty system with which it was 
associated. But tne supremacy of Saturn was 
now gone for ever, and its sentinel position was 
usurped by Uranus, whose grand orbit expanded 
to twice their original dimensions the boundaries 
of the solar system. Far sweeping in the depths 
of space, this new world pursued its solenm jour- 
ney, flinging back the light of its parent orb, 
st«wiily obedient to the great law of universal 
gravitation, which held the old planets true to 
their changing orbits. 
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Another unit in the number of interplanetary 
spaces was thus given, and the law which might 
possibly regulate the distances of the planets from 
the sun was sought after with an interest and per- 
severance which could not long fail of its reward. 
No exact progression was indeed discovered, but 
the foUowmg remarkable empirical law was de- 
tected by Professor Bode : 
Write the series 3 6 12 24 48 96 192, &c- 
Addtoeachterm 444444 4 4 
The sums are 4 7 10 16 28 52 100 196 

Now if 10 be assumed as the earth's distance 
from the sun, the other terms of the series will re- 
present very nearly the distances of the planets^ thus : 
4 7 10 16 28 52 100 196 

Mercury, Venus, Earth, Mars, — , Jup., Sat., Uran. 
The fifth term in the series is blank, and falls ex- 
actly in the enormous interval which exists be- 
tween the orbits of Mars and Jupiter, precisely 
where Kepler had predicted a new O0^t would 
be found. As early as 1784, three ybars after the 
discovery of Uranus, Baron de Zach, struck with 
the remarkable law of Bode, even went so &r as 
to compute the probable distance and period of the 
now generally suspected planet. The impression 
that a new world would soon be added to the sys- 
tem grew deeper and stronger in the minds of 
astronomers, until finally, in 1800, at a meeting 
held at Lilienthal, by six distinguished observers, 
the subject was discussed with deep earnestness, 
and it was finally resolved that the long suspected, 
but yet undiscoverd world, should be made the 
object of strict and persevering research. The 
range of the Zodiac was divided into twenty- 
four parts, and distributed among an equal number 
of observers, whose duty it was to scrutinise their 
particular regions, and detect, if possible, any 
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moving body which might show itself among the 
fixed stars. 

In case it were possible to note down, vrith per^ 
feot precision, the relative places and magnitudes 
of all the stars in a given region, any subseqn^it 
changes which might occur would be easily re- 
cognuied. In other language, could a daguerreoy^ 
type picture of any region in the heavens be made 
tornight, and at the end of a year another picture 
of the same region could be taken, by comparing 
the number of stars in the one picture with that 
in die second, in case any one had wandered away 
from its phioe, or a stranger had come to occupy a 
place within the limits of the pictured region^ it 
would be an easy matter to ascertain either the lost 
star, or tiie newly airived stranger. Now, although 
a dauguerreoytype picture cannot be had, yet, by 
observation, the exact relative positions of all the 
risible stars may be mapped out, and a picturp 
formed, which shall become the ready means of 
detecting Aiture changes. 

Such was the method of examination adopted 
by the congress of astronomers assembled at 
Lilienllial, in 1800. The organization was made* 
— ^Baron de' Za(^ was elected president, and 
Schroeter was chosen perpetual secretary. To 
those who have paid but little attention to the 
circumstances under which this strange enterprise 
was midertaken, nothing can appear more wild 
and chimerical. To commence a prolongied re« 
search fi)r an invisible world, one that no keenness 
of vision could detect, and which could never be 
revealed but by a telescope aid, a world whose 
magnitude was so small tnat it would not appe^ 
fio large as a star of the smallest size visible to the 
naked eye, and one which must be sought out and 
detected, not by its planetary disc, Iwt by its 
wanderings among thousands of stars, which it 
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in all req>6cts resembled, and from which it could 
in no wise be distinguished, but by its motion, 
seined like a wasting of time and utter tibrowing 
away of laboin* and energy. 

Piazzi, of Palermo, in Sicily, was one of the 
planet searching association. He had already 
aistinguished himself as aa eminent and accurate 
observer, and had with indefatigable zeal con- 
structed a most extensive catalogue of the relative 
places of the fixed stars, and thus, in some sense, 
anticipated a part of the labour that the research 
for the suspected planet contemplated. Assisted 
by his own and by preceding catalogues, he 
entwed on the great work with the energy and 
zeal which distinguished all his great astronomical 
effbrts. On the evening of the first day of the 
year 1801, this astronomer had his attention at- 
tracted b^ a small star in the constellation of the 
Bull, which he took to be one recorded in the 
catalogue of Mayer ; but on examination, it was 
fi)und not to occupy any place eitiber on Mayers 
or his own catalogue. Y^ it was so small that 
it was an easy matter to account for this fact, by 
its having been overlooked in preceding explora- 
tions of the r^on in which it was found. With 
intense anxiety the astronomer awaited the even- 
ing of the following night, to settle the great 
Jttesti(Hi whether the newly detected star was a 
xed or moving body. On tiie evening of die 2nd 
of January he repaired to his observatory, and so 
soon as the finding twilight permitted, directed the 
telescope to the exact point in which, on the Re- 
ceding evening, his suspicious star bad been lo- 
cated. The spot was blank ! But another, 
whkh was distant 4' in right ascension, and S^' 
in declination, which, on the previous night had 
certainly been vacant, was now gleaming with the 
bright little olgect which, on thq preceding even- 
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inff, had so earnestly fixed his attention, and for 
which he was again so anxiously seeking. Night 
after night he watched its retrogade motion, — ^a 
motion precisely such as it ought to have, in case 
it were the long desired planet, — ^until, on the 
12th, it became stationary, and then slowly com- 
menced progressing in the order of the signs. 
Piazzi was unfortunately taken ill ; his observa- 
tions were suspended, and such was the difficulty 
of intercommunication, that, although he sent in- 
telligence of his discovery to Bode and Orani, 
associates in the great enterprise, the newly dis- 
covered body was already lost in the rays of the 
sun, before it became possible to renew the train 
of observations bv which its orbit might be made 
known. Piazzi feared to announce the newly dis- 
covered body to be the suspected planet. His ob- 
servations were few, and ne was the only pers(m 
in the world who had seen it. Bode no sooner 
received the intelligence of its discovery, than he 
at once pronounced it to be the long sought planet, 
and from the scanty materials furnished by riazzi, 
Olbers, Burkhart, and Grauss, all computed the 
elements of its orbit, settled the ^reai; fact that it 
was a superior planet, and that its orbit was in- 
cluded between those of Mars and Jupiter. Some 
doubt, however, yet rested on the subject, and the 
disengagement of the planet from the beams of the 
sun was awaited with the deepest interest. 

Several months passed away. Every eye and 
every telescope was directed to the region in the 
heavens where the planet was expected to be found. 
The most scrutinizing search was made for its re- 
discovery, but without any success. But for the 
high reputation of Piazza, his well known accuracy 
and honesty, doubts would have arisen as to whether 
he had not been self-deceived, or was intentionally 
deceiving others. The subject became of deeper 
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«nd deeper interest. The world began to sneer at 
A science which could find a body in the heavena, 
and then for ever lose it. We must remember 
that Piazzi had followed it through only about 4"" 
out of 360° of its orbit, and on this narrow basis 
a research was to be instituted, having for its 
object the determination of the exact position 
which the lost planet must occupy. Gauss, then 
comparatively a young man, and little known as 
a computer, had conceived a new method of 
detemuning the orbits of comets, from a very few 
and very closely consecutive observations. Here 
was an admirable opportunity of giving a practical 
proof of the power of his new method. The long 
and intricate calculation was finished, the place 
of the lost planet determined, the telescope was 
directed to the spot, and lo ! the beautiful little 
orb flashed once more on the ea^er gaze of the 
youthfiil astronomer. For one entire year had the 
planet been sought in vain, and but for the power- 
ful analysis of Gauss, nothing but years of perse- 
vering toil could have wiped away the stain which 
rested on astronomy. 

A sufficient number of observations were soon 
made to reveal the orbitual elements of the planet, 
now named Geres. It was found, in all respect, to 
harmonise in its movements with the older planets, 
and its orbit filled precisely the blank in the 
strange empirical law discovered by Bode. The 
period and distance hypothetically computed from 
that law sixteen years before, by Baron de Zach, 
were verified in the most remarkable manner by 
the actual period and distance of Geres. Order 
and beauty now reigned in the planetary system, 
and a most signal victory had crowned the efforts 
of astronomical science. 

The only remarkable difference between the new 
planet and the old ones, consisted in its minute 
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size, the great obliquity of its orbit, and the dense 
atmosphere b^ which it appears to be surrounded* 
Its diameter is so small as to render its measure 
next to impossible, and the best practical astrono- 
mers differ widely in their results. Sir William 
Herschel makes its diameter only 163 miles, while 
Schroeter cannot make it less than ten times that 
quantity. The mean of these two extremes is |Hro^ 
bably near the truth. — No satellites have been 
found in attendance on this minute plimet, al*^ 
though Sir William Herschel suspected the exist- 
ence of two at one time, a suspicion which subse^ 
quent observations have not confirmed. 

The beautiful order established in the sdar 
svstem by the discovery of Geres was a subject cf 
the highest gratification to the whole astronomical 
world, and especially to those who had been in^ 
strumental in reaching this remarkable result. An 
opportunity had scarcely presented itself fo^ the 
expression of delight occasioned by this announce- 
ment, before all interested were startled bv'a de- 
claration from Dr. Olbers, of Bremen, that ne had 
found another planet on the evening of the 28th 
of March, 1 802, with a mean distance and periodic 
time almost identical with those of Geres. This 
discovery broke through all the analogies of the 
solar system, and presented the wonderful anomaly 
of two planets revolving in such close proximity, 
that their orbits, projected on the plane of the 
ecliptic, actually intersected each other. 

The new planet was called Pallas^ and is of a 
magnitude aoout equal to that of Geres. Its orbit 
is greatly inclined to the plane of the ecliptic, and 
its eccentricity is very considerable. The exist^ice 
of these small planets, in such near proximity, for 
a long while perplexed astronomers. At length 
Olbers suggested that these minute bodies might 
be the fragments of a great world, rent asunder by 
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some internal convulsion of sufficient power to ■ 
produce the terrific result, but of a nature entirely 
D^ond the boundary of conjecture. 

Extraordinary as this hypothesis may appear, 
the results- to which it led are no less remarkable . 
If a world of large size had been actually burst into 
fragments, it is easy to perceive that these frag- 
ments, all darting away in the orbits due to their 
impulsive forces, would start from the same point, 
and hence would return at different intervals 
indeed, but would all again pass through the point 
of space occupied by the parent orb when the con- 
vulsion occurred. Having found two of these 
fragmentary worlds, the point of intersection of 
their orbits would indicate the region through 
which the other fragments might be expected to 
pass, and in which they might possibly be dis- 
covered. So reasonable did the views of Olbers 
s^pear, that his suggestions were immediately 
acted upon by himself and several distinguished 
observers, and on the 2nd of September, 1804, 
Mr. Harding of Lilienthal, while scrutinizing the 
very region indicated by Olbers, detected a star of 
the eighth magnitude, which seemed to be a 
stranger, and was soon recognised to be another 
small planet, frdlv agreeing, in all its essential 
characteristics, with the theory of Olbers. The 
new world was named Juno, and is remarkable 
for the eccentricity of its orbit. Its diameter has 
not been well determined, owing to its minute 
size. The discovery gave to the theory of Olbers 
the air of reality, and finding the nodes of the 
three fragments to lie in the opposite constella- 
ti<ms Getus and Virgo, he prosecuted his researches 
in these regions witn redoubled energy and zeal. 

His efforts were not long without their reward. 
On the 29th of March, 1807, he detected the 
fourth of his fragments in the constellation Virgo, 
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and very near the point through which he had, 
for four years, been waiting to see it pass. This 
was a most wonderful discovery, and almost fixed 
the stamp of truth upon the most extraordinary 
theory which had ever been promulgated. This 
new asteroid was named Vesta, and for nearly 
forty years, the examinations which were conducted 
revealed no new fragment, and it began to be re* 
ptrded as positively ascertained, that all the small 
bodies revolving in this region had been revealed 
to the eye. 

But on the 8th day of Dec., 1845, Mr. Hencke, 
of Dreisen, announced to the world the disrM)very 
of another asteroid, which was named Astrea. 
Before two years had rolled round, the same inde- 
fatigable observer discovered a sixth member in 
this wonderful group, which was called Hebe. 
His success induced other observers to undertake 
a similar examination, and in a very short time, 
the researches of Mr. Hind, of London, were re- 
warded by the discovery of a seventh and eighth 
asteroid, which were named Iris and Flora. 

Thus have we no less than eight of these minute 
worlds, revolving in orbite so nearly equal, that 
for weeks and months these miniature orbs may 
sweep along in space, almost within hail of each 
other. Let us now return to an examination of 
the hypothesis of Olbers, that these are the frag- 
ments of a world of large size, which once occu- 
pied an orbit intermediate between those of Mara 
and Jupiter. 

If any internal convulsion could burst a world 
and separate its fragments, it is readily seen that 
the fragments of lar£;est mass would move in orbits 
more nearly coincident with that of the original 
planet, while the smaller fragments would revolve 
m orbits greatly inclined to the primitive one. 
This condition is wonderfully fulfilled among the 
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asteroids. The larger planets, Geres and Vesta, 
revolve in orbits with small inclinations to the 
ecliptic, while the smaller objects are in some in- 
stances found to move in planes with very great 
inclinations. The force necessary to burst a planet, 
and to give to its fragments certain orbits, has been 
computed by Lagrange, and he finds that in case 
any fragment is projected with an initial velocity 
one hundred and twenty-one times greater than 
that of a cannon-ball, it would become a direct 
comet, with a parabolic orbit, while a primitive 
velocity, one hundred and fifty-six times greater 
than that of a cannon ball, would cause the frag- 
ments to revolve with a retrograde motion in the 
curve of a parabola. Any less powerful force 
would cause the fragment to revolve in ellipses ; 
and it is probable that the force which operated to 
produce the asteroids was not more than twenty 
or thirty times greater than that of a cannon ball. 
Although the theory of Gibers has received new 
accessions of strength from the discovery of every 
new asteroid, it would be wrong to regard it as 
one of the demonstrated truths of astronomy. In 
the meantime powerftil efforts are making to scour 
the heavens, and a method of observation has been 
proffered to the Academy of Sciences, of Paris, by 
which all the visible fragments may be discovered 
within a period of four years. Should this plan, 
which contemplates a division of the heavens 
among different astronomers, be adopted, volunteers 
have already presented themselves, and the most 
interesting results may be anticipated. 

From this curious branch of astronomical in- 
quiry we turn to one of still deeper interest. In 
the examinations for new planets, thus far, the 
telescope has been the sole instrument of research. 
Conjectures based upon analogical reasoning, it is 
true, guided the instrumental examinations, but 
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the mind had never dared to rise to the effort of 
reasoning its way analytically to the exact position 
of an unknown body. It has been reserved for 
our own day to produce the most remarkable and 
the boldest theorising which has ever marked the 
career of astronomical science. — I refer to the 
analytic effort to trace out the orbit, define the dis- 
tance, and weigh the mass of an unknown planet 
as far beyond the extremest known planet as it is 
from the sun. 

I am fully aware of the difficulties by which I 
am surrounded, when I invite your attention to 
this complex and intricate subject ; and I know 
how utterly impossible it is, in a popular effort, to 
do any kind of justice to the intricate and involved 
reasoning of the great geometers, who have not 
only rendered themselves, but the age in whioh 
we live, illustrious by their efforts to resolve this, 
the grandest problem which has ever been present- 
ed for human genius. — Trusting to your close at- 
tention, I shall attempt to exhibit some faint out- 
line of the train of reasoning and the kind of re- 
search employed in rescuing an unknown world 
from the viewless regions of space in which it has 
been tracing its unknown orbit for ages commen- 
surate with the existence of the great system of 
orbs of which it constitutes a part. 

After the discovery of the planet Uranus, by 
Sir William Herschel, geometers were not long in 
fitting it with an orbit which represented in the 
outset, with accuracy, its early movements. With 
this orbit it became possible to trace its career 
backwards, and to define its position among the 
fixed stars for fifty or one hundred years previous to 
the date of its discovery. This was actually done, 
with the hope of finding that the place of the 
planet had been observed and recorded by some 
astronomer, who ranked it among the fixed stars. 
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This hope was not disappointed. The planet, be- 
lieved to be a fixed star, had been seen and ob- 
served no less than nineteen different times, by four 
different observers, through a period running back 
nearly one hundred years previous to the discovery 
of its planetary character by Herschel. These re- 
mote observations were of the greatest value as data 
for the determination of the elements of its elliptic 
orbit, and for the computation of the mean places, 
which might serve to predict its position in coming 
years. 

A distinguished astronomer, M. Bouvard, of the 
Paris Academy of Sciences, about thirty years 
ago, undertook the analytic investigation of 
tne movements of Uranus, and a computation of 
the exact tables. He was met, however, b^ diffi- 
culties which, in the state of knowledge as it then 
existed, with reference to this planet, were abso- 
lutely insurmountable. He found it quite impos- 
sible to obtain any orbit which would pass through 
the places of the planet determined after its dis- 
covery, and through these positions which had 
been fixed previous to that epoch. In this dilemma 
it became necessary to reject the old observations 
as less reliable than the new ones, and the learned 
computer leaves the problem for posterity to re- 
solve, careftdly abstaining from any absolute 
decision in the case. 

His orbit, based upon the new or modern ob- 
servations, and his tables being computed, it was 
hoped that the theoretic places of the planet 
would thereafter coincide with the observed places, 
and that all discrepancies which mi^t not be 
fairly chargeable to errors of observation, would 
be removed. In this expectation, however, the 
astronomical world was disappointed ; and while 
the tables of Bouvard &iled absolutely to represent 
the ancient observations, in a few years they were 
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but little more truthful in giving the position? ac- 
tually filled by the planet under the telescope. — 
The discrepancies between the theoretic and 
actual places of the planet began to attract 
attention many years since. As early as 1838, 
Mr. Airy, Astronomer Royal of England, on a 
comparison of his own observations with the 
tables, found that the planet was out of the com- 
puted track, by a distance as great as the moon's 
distance from the earth, and that it was actually 
describing an orbit as great as that pointed out by 
theory. It seemed that this remote body was 
breaking away from the sun's control, or that it 
was operated upon by some unknown body deep 
sunk in space, and which thus far had escaped the 
scrutinising ^aze of man. 

These deviations became so palpable as to at- 
tract general attention, and various conjectures 
were made with reference to their probable cause. 

Some were disposed to regard the law of gravi- 
tation as somewhat relaxed m its rigorous applica- 
tion to this remote body. Others thought tho 
deviation attributable to the action of some large 
comet, which might sway the planet from its 
course ; while a tnird set of philosophers conjec- 
tured the existence of a large satellite revolving 
about Uranus, and from whose attraction the 
planet was caused to swerve from the computed 
orbit. These conjectures were not sustained by any 
show of reasoning, and were of no scientific value. 

Such was the condition of the problem when it 
was entertained by a young French astronomer, 
not quite unknown to fame in his own country, 
but comparatively at the beginning of his scien- 
tific career. The friend of Arago, Le Merrier'*8 
Cometary Investigations, and more especially 
his researches for the Motions of Mercury, had 
gained for him the confidence of this distin- 
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guished savant, and Arago urged on his young 
associate the importance of the great problem pre- 
sented in the perturbations of Uranus, and induced 
him to abandon other investigations, and concen- 
trate all the energies of his genius on this profound 
and complex investigation. 

The extraordinary powers of Leverrier as a 
mathematical astronomer had been so successAiUy 
displayed in his researches of the motions of Mer- 
cury, that it deserves a passing notice. The old 
tables of this planet, Leverrier believed to be 
defective. He therefore set about a thorough 
examination of its entire theory, and after a rigid 
scrutiny, deducted a new set of tables, from which 
the places of the planet might be predicted with 
greater precision. 

The transit of Mercury across the sun^s disc, 
which occurred on the 8th day of May, 1845, 
presented an admirable opportunity to test the 
truth of the new theory of the young astronomer. 
Most unhappily for his hopes, all observations in 
Paris were rendered impossible by the clouds, 
which covered the heavens during the entire day 
on which the transit took place. While the 
computer was sadly disappointed, I was more for- 
tunate, for a pure and transparent atmosphere 
favoured this, the first astronomical observation I 
ever made. A slight reference to this occurrence 
may be pardoned. For three years I had been 
toiling to complete a most difficult and laborious 
enterprise, the erection of an astronomical observa- 
tory of the first class, in a country where none 
had ever existed. Amid difficulties and perplexi- 
ties which none can ever know, the work had 
moved on, and at length I had the high satisfac- 
tion of seeing mounted one of the largest and most 
perfect instruments in the world. I nad arranged 
I 2 
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and adjusted its complex machineiy — ^had com- 
puted the exact point on the sunn's disc where the 
planet ought to make its first contact — had deter- 
mined the instant of contact by the old tables, 
and by the new ones of Leverrier, and with feel- 
ings which must be experienced to be realised, 
five minutes before the computed time of contact, 
I took my post at the telescope to watch the 
coming of the expected planet. After waiting 
what seemed almost an age, I called to my friend 
how much time was yet to pass, and found but 
one minute out of five had rolled heavily away. 
The watch was again resumed. Long and 
patiently did I hold my place, but again was 
forced to call out, how speeds the time I and was 
answered that there was yet wanting tuH> minute* 
of the computed time of contact. — With steadfast 
eye, and a throbbing heart, the vigil was resumed, 
and after waiting what seemed an age, I caught 
the dark break which the black body of the planet 
made on the bright disc of the sun. Now ! I 
exclaimed; and within sixteen seconds of the 
computed time did the planet touch the solar 
disc, at the precise point at which theory bad 
indicated the first contact would occur. 
^ The planet was followed across the disc of the 
sun, round and sharp, and black, and every obser- 
vation confirmed the superior accuracy of the new 
tables of Leverrier. While the old tables were 
out fullv a minute and a half in the various con- 
tacts, those of Leverrier were in error by only 
about sixteen seconds as a mean. 

The great success of this investigation encouraged 
the young astronomer to accept the difficult task 
which Arago proposed for his accomplishment, and 
he earnestly set about preparing the way for a ftiU 
discussion of the grand problem of the perturba- 
tions of Uranus. The importance of the subject 
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demanded the greatest caution, and having detw- 
mined to rely solely on his own efforts, he at once 
rejected all that had been previously done, and com- 
menced the problem at the very beginning. New 
analytic theories were formed ; elalx^rate investiga- 
tions of the planets Jupiter and Saturn, as disturb- 
ing bodies, were made, and an entire clearing up of 
all possible causes <^ disturbance in the known 
bodies of the system was labouriously and success- 
fully accomplidied, and the indefatigable mathe- 
matician finally reached a point where he could say, 
here are residual perturbations which are not to be 
accounted for by any known existing body, and 
their explanation is to be sought beyond the present 
ascertained limits of the solar system. 

As early as the 10th of November, 1845, M. 
Leverrier presented a memoir to the Eoyal Aca- 
demy of Sciences in Paris, in which he determined 
the exact perturbations of Jupiter and Saturn on 
Uranus. This was followed by a memoir, read 
before the academy on the 1st of June, 1846, in 
which he demonstrates that it is impossible to ren- 
der an exact account of the perturbations of Uranus 
in any other way than by admitting the existence 
of a new planet exterior to the orbit of Uranus, and 
whose heliocentric longitude he fixes at 325^ on 
the 1st of January, 1847. On the 30th of August, 
1846, a third memoir was presented to the academy, 
in which the elements of the orbit of the unknown 
planet are fixed, together with its mass and actual 
position, with greater accuracy, giving on the 1st 
of Januarjr, 1847, 326^ 32' for its heliocentric longi- 
tude. Fmally, on the 5th of October, 1847, a 
fourth memoir was read, relative to the determina- 
tion of the plane of the orbit of the constructive 
planet. 

It is quite impossible to convey, in popular form, 
the least idea of the proud analytic reasoning em- 
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ployed by M. Leverrier in this wonderful inveeti^ 
gation. None but the rarest genius would have 
dared to reach out 1,800,000,0(K) of miles into un- 
known regions of space, \jofeel for a planet which 
had displaced Uranus bj an amount only about 
equal to four times tho ap|)arent diameter of the 
planet Jupiter, as seen with the naked eye — a 
quantity so small that no eye, however keen and 
piercing, without telescopic aid, could ever have 
detected it. Yet from tnis minute basis was the 
magnificent superstructure to be reared which 
should eventually direct the telescope for the place 
of a new and distant world. To many minds, the 
resolution of such a problem may appear utterly 
beyond the powers of human genius, and withoui 
one ray of light to illumine the midnight darkness 
which surrounds it to them, they are disposed to 
reject the entire subject. An attentive examina-. 
tion of the following train of reasoning may at 
least demonstrate that the problem is not quite so 
hopeless as it would at first appear. 

It was not necessary to extend researches to all 
quarters of the heavens indifferently, in an effort 
to find the unknown body. All the planets re- 
volve in planes nearly coincident with tne plane of 
the earth s orbit, and more especially do the dis- 
tant ones. Jupiter and Saturn and Uranus re- 
volve in orbits but little inclined to the plane of 
the ecliptic. Hence, it was faXv to conjecture that 
the new planet, should it ever be found, would 
not violate this general law, and a search for it 
was properly limited to a narrow belt near the 
plane of the earth's orbit. The limits of research 
were thus brought down to a narrow zone, sweep- 
ing around the entire heavens indeed, but insigni- 
ficant in extent, when compared with the whole 
celestial sphere. 

The next point of examination was the probable 
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distance of the unknown planet. Here, again, 
analogy came to the aid of Leverrier. The 
empirical law of Bode, already explained in a 
former lecture, showed that the remote planets 
increased their distances by a very simple law. 
Saturn was twice as remote as Jupiter ; Uranus 
was at double the distance of Saturn, and it was 
fair to conclude as far from the sun as Uranus. 
As a first approximation, then, its distance was 
fixed at about 3,600,000,000 of miles from the 
sun. Kepler'^s law, regulating the ratio between 
the distances and periods of the planets, gave at 
once the time of revolution of the new planet, in 
case its distance had been correctly assumed. In 
the next place, it was fair to conclude that the 
orbit of the new planet, like those of Jupiter, 
Saturn, and Uranus, would not suffer greatly from 
a circle. These conjectures were, in some degree, 
confirmed by a very simple train of reasoning with 
reference to the distance of the disturbing body. 
If it revolved in an orbit very near to that of 
Uranus, then its effect on Uranus ought to be 
the case. Again, if it revolved in an orbit very 
far beyond the limit assigned above, its effect on 
Uranus and Saturn would be very nearly the same, 
which was not verified by exammation. 

Having thus roughly fixed limits for the orbit 
of the unknown body, the work of the mathem- 
atician now commences, having for its grand object 
the determination of the true places of the planet 
sought at some given epoch, and such an orbit as 
will represent the perturbations of Uranus in the 
most perfect manner. To exhibit, in some £unt 
degree, the difficulty of this investigation, let us 
conceive that up to the 1st of January, 1800, the 
solar system had consisted only of the known 
bodies, the sun, planets, satellites, and comets. 
The orbits of all tne planets are accurately ascer- 
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tained, and tbeir reciprocal influences computed 
and known. The outermost planet, Uranus, re- 
volves in its vast orbit obedient to the great law 
of gravitation, acknowledging the pr^ominant 
influence of the sun, and swaying more or less to 
the action of the nearest planets, Saturn and 
Jupiter. Its predicted and observed places com* 
cide, and its movement is followed wit n confidence 
and exactitude. 

With a full and perfect knowledge of the orbit 
of Uranus, let a new planet be created and jhto- 
jected in a vast orbit exterior to, and remote from 
the orbit of Uranus. The new body thus added 
to the system would instantly derange the motions 
of Uranus, causing it to recede from the sun, and 
increasing its mean period of revolution. In this 
case, the total efiect of the new planet on Uranus 
would be perturbation, and it would not be quite 
impossible, even for one not skilled in the highw 
mathematics, to see how the action of the newly 
created planet on the movements of the old one 
might actually reveal approximately the position 
of we disturbing body. It is manifest that when 
the two planets are in conjunction, or on a right 
line passing through them and the sun, that at 
this configuration the new planet would exert its 
greatest power to draw the old one outward from 
the sun, and if it could be found at what point of 
its orbit the old planet actually recedea to its 
greatest distance from the sun, in the same direc- 
tion, nearly, must the disturbing body have been 
situate at that time. In this way, we perceive, 
one place of the new planet might be approxi- 
mately found, and from its periodic time it would 
be possible to trace it backward or forward in iik 
ori>it, for the present supposed to be ciroidar. 

The problem here presented is certainly mffioi- 
ently difiicult, yet its complexity is very fiur from 
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being equal to that presented in nature, and with 
whidi the French geometer found himself obliged 
to grapple. — Although unknown, the newpkmet 
did exist, and for ages had silently pursued its 
unknown orbit round the sun. Its influence on 
Uranus had ever been active, and when the obser- 
vations on Uranus were made, and its places de- 
termined, from which its elliptic elements were 
to be derived, these very places were in part de- 
pendent on the action of the invisible disturber, 
and hence a portion of its influence would be 
darkly concealed in the orbit of Uranus ; and to 
divide the entire effect of the new planet on the 
old one correctly between the disguised portion 
and that producing real perturbation, was attended 
with the greatest diflSculty, and could only be 
reached by adopting certain positive hypotheses. 
Surrounded by all these difficulties, Leverrier 
worked on, and with consummate art, so con- 
structed his analytical machinery as to meet and 
master every diflSculty ; and he finally announces 
to the world the figure of the orbit of his imagi- 
nary planet, its distance, period of revolution, and 
even the mass of matter it contains. 

These important communications were made to 
the French Academy of Sciences, on the 31st of 
August, 1846. On the 1 8th of the following 
month, M. Leverrier wrote to his friend M. Galle, 
of Berlin, requesting him to direct his telescope 
to that point in the heavens which his computa- 
tions had revealed as the one occupied by the 
constructive planet. The request was readily 
complied with, and on the very first evening of 
examination, a star of the eighth magnitude was 
discovered, which was evidently a stranger in that 
region, as it was not found on an accurate map of 
the heavens including all stars of that magnitude. 
The following evening w^ awaited with ihe 
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deepest interest, to decide, by the actual motion 
of the suspected star, whether indeed it was the 

ilanet W wonderfiilly revealed by the analysis of 
icverrier. The night came on. Again was the 
telescope directed to the star in question, when 
lo! it nad moved from its former place, in a 
direction and with a velocity almost precisely ac- 
cordant with the theory of the French geometer ! 
The triumph was perfect — ^the planet was actually 
found. The news of its discovery flew in every 
direction, and filled the world with astonishment 
and admiration. 

The exceeding accuracy with which its place 
had been predicted, coming within less than one 
degree of its actual position, cave to M. Leverrier 
the highest confidence in tne perfection of his 
analysis, and filled with astonishment the oldest 
and most learned astronomers. If scepticism bad 
existed with reference to the possible solution of 
so complex a problem — if the theory of Leverrier 
had been regarded as a beautiful speculation, 
ingenious and plausible, but vain in its practical 
application, — ^the actual discovery of the planet 
silenced all cavil, and put to flight every lingering 
doubt. 

As if anything were wanting, to give a more 
positive character to the computations of Leverrier, 
It was now found that a young English mathe- 
matician, Mr. Adams, of Cambridge, nad actually 
accomplished the resolution of precisely the same 
problem, and had reached results almost identical 
with those of the French geometer. This as- 
tonishing coincidence on the part of the two com- 
puters unknown to each other, each starting from 
the same data, pursuing independant trains of 
reasoning, and arriving at the same results, con- 
firmed, as would seem, in the frillest manner, the 
accuracy of the resolution which had been obtained. 
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On learning that Leverrier had communicated 
to the Academy of Sciences, in August, 1S46, his 
final results, I wrote immediately, requesting the 
computed place of his planet, with such directions 
as would best guide me in a search which I desired 
to make for it with the great refi'acting telescope 
of the Cincinnati Observatory. But before my 
letter reached its destination, the planet had been 
found, and the news of its discovery soon reached 
the United States. It was almost impossible for 
me to credit the statement, and I was almost dis- 
posed to believe that the prediction of the planers 
position had been mistaken for its actual discovery. 
With these conflicting doubts, I waited for the 
coming of ni^ht with a degree of anxiety and 
excitement which may be readily imagined. I 
had no star chart to guide me in my search for 
the planet ; — I had no meridian instrument with 
which to detect it by its motion ; but I was not 
without hope that the power of bur great telescope 
might be sufficient to select, at once, the planet 
from among the fixed stars, by the magnitude of 
its disc. 

As soon as the twilight disappeared, the instru- 
ment was directed to the pomt in the heavens 
where the planet had been found. I took my 
place at the jfinder^ or small telescope attached to 
the larger one, and my assistant was seated at the 
great instrument. 

On placing my eye to the finder, four stars of 
the eighth magnitude occupied its field. One 
of them was brought into the field of the large 
telescope, and critically examined by my assistant, 
and rejected. A second star was in like manner 
examined, and rejected. A third star, rather 
smaller and whiter than either of the others, was 
now brought to the centre of the field of the great 
telesoc^e, when my assistant exclaimed, ^' there it 
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is ! there is the planet ! with a disc as round, 
bright and beautiM as that of Jupiter !'] There, 
indeed, was the planet, throwing its light back 
to us, from the enormous distance of more than 
3,000,000,000 of miles, and jret so clear and 
distinct, that in a few minutes, its diameter was 
measured, and its magnitude computed. 

It is not my intention to follow, critically, the 
history of this wonderful discovery, yet there are 
some facts so remarkable that it would be wrong 
so pass them in silence. From the moment the 

Elanet was detected in Berlin, it has been observed 
y all the best instruments in the world, with a 
view of ascertaining how accurately theory had 
assigned the elements of its orbit. In consequence 
of its very slow motion, it became a matter of the 
utmost importance to obtain, if possible, some re- 
mote observation made by an astronomer who 
might have entered the place of the planet in his 
catalogue as a fixed star. Mr. Adams, of Eng- 
land, led the way in the computation of the ele- 
ments of the orbit of the new planet, from actual 
observation, an4 was followed by many other com- 
puters, among them our countryman, S. G. 
Walker, then of the Washington Observatory. 

Having obtained an approximate orbit, Mr. 
Walker computed backwards the places of the 
new planet for more than fifty years, and then ex- 
amined the late catalogues, in the hope of finding 
its place on some of them as a fixed star. Am(mg 
recent catalogues there was no success, but in an 
examination of Lalande'^s catalogue, he found an 
observation on a star of the eighth magnitude, 
made May the 10th, 1795, which was so near 
the place which his computation assigned the 
planet at the same date, that he was 1^ to sus- 
pect that this star might indeed prove to be the 
new planet. In case his conjecture were true, on 
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turning the telescope to the place occupied by the 
star, it would be found blanks as its planetary mo- 
tion would have removed it very far from the 
place which it occupied more than fifty years be- 
fore. The experiment having been made, no star 
could be found, and strong evidence was thus pre- 
sented that Mr. Walker had actually found an 
observation of the new planet, giving it positions 
in 1795 ; but in consequence of the great discre- 
pancy between the period of M. Leverrier and 
that which would result from a reliance on 
this observation of the new planet Neptune, 
Mr. Walker s discovery was at first received with 
great hesitation. A greater doubt was thrown 
over the matter from the fact that Lalande had 
marked the observation as uncertain, and it was 
only by reference to the original manuscripts pre- 
served in the Royal Observatory of Paris that 
the doubts could be removed. 

The discovery of Mr. Walker was subsequently 
made by Mr. Petersen, of Altona, and the results 
of these astronomers reached Paris on the same 
day. A committee was at once appointed to ex- 
amine the original manuscript of Lalande, when 
a most remarkable discovery was made. This 
astronomer had observed a star of th^ eighth mag- 
nitude on the evening of the the 8th of May, 
1795, and on the evenmg of the 10th, not finding 
the star as laid down, but observing one of the 
same magnitude very near the former place, he 
rejects the observation of the 8th of May as inac- 
curate, and enters the observation of the 10th, 
marking it doubtful. 

On close examination, this star proves to be the 
planet Neptune, and by this discovery we are 
placed in possession of observations which render 
it possible to determine the elliptic elements of 
the new planet with great precision. These 
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differ so greatly from those announced by Lever- 
rier and Adams previous to the discovery, that 
Prof. Pierce, of Cambridge, Mass., pronounces it 
impossible so to extend fairly the limits of Lever- 
rier's analysis as to embrace the planet Neptune ; 
and that, although its mass, as determined from 
the elongations of its satellite, renders it possible 
to account for all the perturbations of Uranus by 
its action, in the most surprising manner, yet, in 
the opinion of Prof. Pierce, it is not the planet 
to which geometrical analysis directed the tele- 
scope. Leverrier rejects absolutely the result 
reached by the American geometer, and claims 
Neptune to be the planet of his theory, in the 
strictest and most legitimate sense. 

Time and observation will settle the differences 
of these distinguished geometers, and truth being 
the grand object of all research, its discovery will 
be hailed with equal enthusiasm by both of the 
disputants. In any event, the profound analytic 
research of Leverrier is an ever-auring monument 
to his genius, and his name is for ever associated 
with the most wonderful discovery that ever 
marked the career of astronomical science. 
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CHAPTER VIII. 

THE COMETLAEY WOELDS. 

The wonderfiil characteristics which mark the 
flight of comets through space ; the suddenness 
with which they hlaze forth; their exceeding 
velocity, and their terrific appearance; their eccen- 
tric motions, sweeping towards the sun from all 
directions, have rendered these bodies objects of 
terror and dread in all ages of the world. While 
the planets pursue their undeviating course round 
the sun, in orbits nearly circular, and almost coin- 
cident with the plane of the earth's orbit, all revol- 
ving harmoniously in the same direction, the 
comets perform their revolutions in orbits of every 
possible eccentricity, confined to no particular 
plane, and moving indifferently in accordance 
with, or opposed to, the general motion of the 
planets. They come up from below the plane of 
the ecliptic, or plunge downwards towards the 
sun from above, sweep swiftly round this their 
great centre, and with incredible velocity wing 
their flight far into the fathomless regions of space, 
in some cases never again to re-appear to human 
vision. 

In the early ages of the world superstition re- 
garded these wandering fiery worlds with awe, 
and looked upon them as omens of pestilence and 
war ; and indeed, even in modern times, no eye 
can look upon the fiery train spread out for millions 
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of miles athwart the sky, and watch the eccentric 
motions of these anomalous objects, without a 
feeling of dread. The movements of the planets 
inspire confidence. They are ever visible and true 
to their appointed times, while the comet, erratic 
in its cou^e, bursts suddenly and unannounced 
upon the sight, and no science can predict in the 
outset its uncertain track — ^whether it may plunge 
into the sun, or dash against one of the planetary 
systems, or even come into collision with our own 
earth, is equally uncertain, until after a sufficient 
number of observations shall have been made to - 
render the computation of the elements of its orbit 
possible. 

Previous to the discovery of the law of universal 
^gravitation, comets were looked upon as anomalous 
bodies, of whose motions it was quite impossible 
to take any account. By some philosophers they 
were regarded as meteors kindled into a blaze in 
the earth'^s atmosphere, and when once extinguished 
they were lost for ever. Others looked upon them 
as permanent bodies, revolving in orbits far above 
the moon, and reappearing at the end of long but 
certain intervals. When, however, it was disco- 
vered that, under the influence of gravitation, any 
revolving world might describe either of the four 
curves, the circle, ellipse, parabola, or hyperbola, 
it at once became manifest that the eccentric 
movements of the comets might be represented by 
^ving to them orbits of the parabolic or hyperbo- 
lic form, the sun being located in the focus of the 
curve. According to this theory, the comet would 
become visible in its approach to its perihelion, or 
nearest distance from the sun, — would here blaze 
with uncommon splendour, and in its recess to the 
remote parts of its orbit, would gradually fade 
from the sight, relaxing its speed, and performing 
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a large proportion of its vast curve far beyond the 
reach oi human vision. 

Such was the theory of Newt6n, and sucl^ were 
the fair deductions from the great law of nature 
which he had revealed to the world. He awaited 
with deep interest the appearance of some brilliant 
comet, whose career he might trace, in the fiill 
confidence that observation would confirm the 
truth of his bold hypothesis. Fortunately, his 
impatience was soon gratified. In the year 1680 
a most wonderful comet made its appearance, 
which by its splendour and swiftness, excited the 
deepest interest throughout the world. It came 
from the regions of space immediately above the 
ecliptic, and plunging downwards with amazing 
velocity, in a direction almost perpendicular to 
this plane, it appeared to direct its flight in such a 
manner that it must inevitably plunge directly 
into the sun. This was not, however the case. — 
Increasing its velocity as it approached the sun, 
it swept round this body with the speed of a mil- 
lion of miles an hour, approaching the sun to 
within a distance of its surface of a sixth part of 
the sun's radius. It then commenced its recess, 
throwing off a train of light which extended to 
the enormous distance of 100,000,000 of miles. — 
With the swiftness of thought almost, it swept 
away from the sun, and was gradually lost in the 
distant regions of space whence it came, and has 
never since been seen. Such were the general 
characteristics of the body to whose rapid motions 
Newton attempted to apply the law of universal 
gravitation. 

Its positions were marked with all the accuracy 
which the instruments then in use permitted, 
and it was found that a parabolic curve could be 
constructed which would embrace all the places of 
the comet. The great eccentricity of its orbit, 
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and its vast period, amounting to nearly six fatin^ 
dred years, gave to the comet great interest, but 
rendered it an unfit object for successful analytic 
research. The great English astronomer, Halley, 
had studied it with the closest care, and with a 
rigid application of Newton's theory, he reached 
results quite as satisfactory as the circumstances of 
the case rendered possible. 

Fortunately in 1682, another comet made its 
appearance, to the study of which Halley devoted 
himself with a zeal and success which has justly 
stamped his name on this remarkable body ; and 
as our limits forbid an extensive investigation of 
the history and theory of comets. I propose to ex- 
amine this one with that degree of detail which 
may convey some idea of the limits of human 
knowledgeinthiscomplicateddepartmentof science. 

At the suggestion of Newton, Halley had 
searched all ancient and modern records, for the 
purpose of rescuing any historical details touching 
the appearance and aspect of comets, from the 
primitive ages down to his own time. On the 
appearance of the comet of 1682, he observed its 
positions with great care, and with wonderful 
pains computed the elements of its orbit. He 
found it moving in a plane but little inclined to 
the ecliptic, and in an ellipse of very great elonga- 
tion, in its aphelion, it receded from the sun to 
the enormous distance of 3,400,000,000 of miles. 
He discovered that the nature of its orbit was such 
as to warrant the belief that the comet would return 
at regular intervals of about seventy-five years, and 
recurring to this historical table of comets, he 
found it possinle to trace it back with certainty 
several hundred years, and with probability even 
to the time of the birth of Mithridates, one hun- 
dred and thirty years before Christ. At this, its 
first recorded appearance, its magnitude must have 
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been £ir beyond anything subsequently seen, as its 
splendour is said to have surpassed that of the sun. 

In the years 248, 324, and 399 of the Christian 
era, remarkable comets are recorded to have ap- 
peared, and the equality of interval corresponds 
well with Halley's comet. In the year 1006, it 
presented a frightftil aspect, exhibiting an im- 
mense curved tail in the form of a scythe. In 
1456, its appearance spread consternation through 
all Europe, and led to most extravagant acts on 
the part of the reigning pontiff, who actually in- 
stituted a form of prayer against the baleAil influ- 
ence of the comet, and thus increased the terrors 
of the ignorant and superstitious. The comet 
appeared with certainty in 1531, and again in 
1607, and from an examination of all the facts, 
and with AiU confidence in his computations, 
Halley ventured the bold prediction that this same 
comet would re-appear about the close of 1 758, or 
the beginning of 1759. 

This was certainly the most extraordinary pre- 
diction ever made, and the distinguished philoso- 
pher, knowing that he could not live to witness 
the verification of this prophetic announcement, 
expresses the hope that when the comet shall 
return, true to his computed period, posterity will 
do him the justice to remember that this first pre- 
diction was made by an Englishman. In the age 
when these investigations were made, the theory 
of comets was in it« infancy, and it is believed by 
those competent to form a just opinion, that Halley 
was the only man living who could have computed 
the orbit of his comet. 

As the period approached for the verification of 
this extraordinary announcement, the greatest 
interest was manifested among astronomers, and 
efforts were made to predict its coming with 
greater accuracy, by computing the disturbing 



210 STRUCTUEE OF THK UNIYEBSE. 

effects of the larger planets within the sphere of 
whose influence the comet might pass. This was 
a new and difficult branch of astronomical sci^ice, 
and it would be impossible to convey the least 
idea of the enormous labour which was gone 
through hj Glairaut and Lalande, in computing 
the perturbations of his comet through a period c^ 
two revolutions, or one hundred and fifty years. 

^' During six months,^ sa^s Lalande, ^' we cal- 
culated from morning till night, sometimes oven 
at meals, — ^the consequence of which was that I 
contracted an illness which changed my constitu- 
tion during the remainder of my life. The assist- 
ance rendered by Madame Lepaute was such, that 
without her we never should have dared to under- 
take the enormous labour, in which it was neces- 
sary to calculate the distance of each of the two 
planets, Jupiter and Saturn, from the comet, 
separately for every degree, for one hundred and 
fifty years."" 

Amid all these difficulties, the computers toiled 
on, until finally, the period coming on rapidly for 
the comet^s return, they were forced to neglect 
some minor irregularities, and Glairaut announced 
that the comet would be retarded one hundred 
days by the influence of Saturn, and five hundred 
and eighteen days by the action of Jupiter ; — he 
therefore fixed its perihelion passage for the 13th 
of April, 1759, stating, at tne same time, that 
the result might be inaccurate by some thirty days 
either way, in consequence of being pressed for 
time, and his having neglected certain small per- 
turbations. 

These results were presented to the Academy 
of Sciences on the 14th of November, 1758, and 
on the ^5th of the following December, George 
Palitch, an amateur peasant astronomer, caught 
the first glimpse of the long expected wanderer, 
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which, after an absence of three-quarters of a 
century, once more returned to crown with 
triumph the great English astronomer who first 
f<»retoId its period, and the eminent French mathe* 
maticians who had actually computed its perihe- 
lion passage, to within nineteen days, seventy-six 
years ! 

Here, then, was a new world added to the solar 
system, linked to the sun by the immutable law 
"of gravitation ; sweeping out into space to the 
amazing distance of 3,800,000,000 of miles ; lost 
to the gaze of the most powerful telescope, and yet 
traced by the human mind through its vast and 
hidden career, with an accuracy and precision 
from which there was no escape. The very small 
error of nineteen days in Glairaut's computation 
strikes us with astonishment, when we remember 
the imperfect state of analytical science at that 
day, and the fact that two planets, Uranus and 
Neptune, which have since been discovered, were 
then not even suspected to have any existence. 

The magnificent display which had marked 
some of the early returns of Halley s comet, and 
which produced such consternation among all 
classes, the educated as well as the ignorant, were 
not presented during its appearance in 1758. 
This was owing, in part, to the unfavourable 
position of the earth in its orbit at the time of the 
comet's perihelion passage. The vast trains of 
light which are sometimes seen to accompany 
comets, are only displayed in their approach to 
the sun. They attain their greatest splendour 
while the comet is in the act of passing its peri- 
helion, and as it recedes into space, the tail mdes 
away, from two causes — an actual diminution 
from condensation, and an apparent decrease on 
account of increased distance. 

As the comet, when near the sun, moves with 
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increased velocity, it occupies, in general, only a 
short period in passing through the limits of dis- 
tance from the sun within which any train of light 
is developed. It may happen that at one retom 
of the same comet, the earth may occupy a point 
in her orbit, during its perihelion passage, which 
may be very near to the comet, and thus afford an 
opportunity of witnessing its appearance at a short 
distance; while, on the next return, the earth 
being at a remote part of its orbit while the comet 
is passing the sun, it may be seen only with great 
difficulty, or even become quite invisible. If, 
therefore, astronomers were obliged to depend 
upon a uniform physical appearance of comets at 
their successive returns, to determine their iden- 
tity, there would scarcely be the slightest chance 
of ever recognizing even a single one among the 
many thousands which are sweeping through the 
regions of space. 

The interval from 1759 to 1835, when Halley's 
comet ought to make its next appearance, liad 
witnessed extraordinary changes in astronomy. 
The methods for computing planetary pertuba- 
tions had been greatly improved; the planet 
Uranus had been added to the system, and more 
accurate masses of the larger planets, especially of 
Saturn, had teen obtained. Twenty-five years 
before the close of the comet's period, its return 
commenced to interest astronomers, and prizes 
were offered by two academies for the most perfect 
theory of this remarkable body. Baron Damoiseau 
and M. Pontecoulant, were the successM com- 
petitors for the two prizes, although several other 
astronomers undertook and completed the task of 
computing the planetary perturbations. Although 
the computers differed slightly in the time of the 
perihelion passage, the difference was due to the 
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imperfection of the data employed, rather than to 
any defect in the methods of computation. 

For the expected return in 183^, not only was 
the perihelion passage computed, but the exact 
route of the comet amon^ the fixed stars was 
wrought out with surprising accuracy, and the 
precise point towards which the telescope must be 
directed at the time when the comet would first 
attain the limits of visibility. Strange and almost 
incredible as it must appear, guided by these 
predictions, M. Dumouchel, director of the ob- 
servatory of the Eoman College, on the evening 
of the 5th of August, 1835, fixed his telescope in 
the position indicated by computation, and, on 
placmg his eye to the tube, lo! the comet 
appeared, as a faint and almost invisible stain of 
light on the deep blue of the heavens. 

Again did science triumph, in the most re- 
markable manner, and the computed orbit of the 
comet was followed by it with the most surprising 
accuracy. — The perihelion passage was predicted 
to within nine days of its actual occurrence, a 
most astonishing approximation to the truth, when 
it is remembered that this body, far as it penetrates 
into space, never, even at the remotest point of 
its orbit, escapes from the sensible influence of 
the planet Jupiter. Moreover, at that time, the 
new planet, Neptune, was unknown, and its in- 
fluence over the comet could not be taken into 
account. 

It is interesting to remark the confidence wfth 
which astronomers relied on Halley s comet for 
information relative to those bodies, which in- 
habited the regions of space exterior to the known 
limits of the solar system. It was urged by every 
computer that the orbit of this comet would one 
day come to be ^o perfectly known, that the per- 
turbations due to the recognized bodies of the 
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solar system might be computed with sach preci* 
sion, that the residual perturbations mignt be 
pronounced to be the effect of unknown planets 
or comets circulating in the distant regions of 
space. This conjecture has been realized, although 
bj different means, and a planet is now added to 
our system, which revolves in an orbit so vast as 
to circumscribe within its limits the entire sweep 
of the comet ; and as the orbits of Neptune and 
Halley s comet are inclined under an angle of 
only 16° or 16°, a time will come when the per* 
turbations experienced by the comet when at its 
aphelion, from Neptune'^s influence, may be so 
great that, but for the fortunate discovery of the 
cause, would have falsified, in the most unaccount^ 
able manner, the prediction of the comet^s return 
by future astronomers. During its late return, the 
finest telescopes in the world were employed in a 
critical examination of the physical condition of 
Halley's comet. Elaborate drawings have been 
made by M. Struve, the distinguished director of 
the Imperial Observatory at Pulkova, Russia, with 
the grand refracting telescope under his charge, 
and also by Sir John Herschel, at the Gape of 
Good Hope, with a twenty feet reflector of superior 
power. To the beautiful drawings reference will 
be made hereafter. 

The most wonderful changes in the magnitude 
and figure of the comet were observed to take 
place from night to night, and almost perceptible 
from hour to hour under the eye of the observer. 
— The nucleus was sometimes seen sharp and 
strongly condensed, with more or less nebulous 
light around it. Sometimes a luminous crescent 
became distinctly visible near the nucleus, giving 
to the comet a most extraordinary appearance. At 
one time M. Struve saw the comet attended by 
two delicately shaped appendages of light of a 
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moBt graceful fonn, the one preceding^ the other 
following the nucleus of the comet. At other 
times, it was seen to be surrounded by a sort of 
semi-circular veil, which, extending backwards, 
was lost in a double train of light, which flung 
itself out to a vast distance from the body of the 
comet. 

Leaving, for the present, the consideration of 
the physical constitution of these eccentric bodies, 
we proceed to the examination of a remarkable 
object which bears the name of Encke^s comet, in 
consequence of the discovery by this learned astro- 
nomer that its orbit was elliptical, and its period 
of revolution so short as to fall fairly within the 
limits of perpetual examination. 

In 1818, a comet was discovered by Pons, not 
at all remarkable for its magnitude, for it was even 
invisible to the naked eye, but when the attempt 
was made to represent its places b^ a parabolic 
orbit, which had thus &r been invariably applied 
to the comets, it was found impossible to assign 
any elongated orbit which would embrace the 
observed positions of the comet. After a verv 
elaborate investigation, Professor Encke at length 
reached the conclusion that the orbit was not a 
parabola, but an ellipse of comparatively small 
dimensions, and that this comet was actually re- 
volving around the sun in a period of about three 
^ears. This discovery excited a great deal of 
mterest, for it was the first in which a short period 
had be^ detected, and efforts were at once made 
to identify the new member of the solar system 
in its preceding revolutions. Olbers determined 
its identity with a comet which appeared in 1 795, 
and subsequently ascertained that another, which 
had been observed but twice in 17^6, and from 
which observations no elements could be com- 
puted, could be no other than the new comet of 
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that period. In this way, observations on this 
interesting object were obtained, stretching 
through some thirty-three years, or about ten of 
its revolutions. This extended series of observa- 
tions furnished the data for a critical examination 
of the elements of the comet's orbit, and Professor 
Encke, having discussed them with elaborate care, 
reached the astonishing conclusion that the mag- 
nitude of the orbit was gradually diminishing, the 
periodic time growing shorter from revolution to 
revolution, and that the comet was falling cer- 
tainly nearer and nearer the sun ! 

To account for this extraordinary phenomenon, 
the learned astronomer, having exhausted all 
causes known to exist in the solar system, finally, 
with much hesitation, announced the theory of the 
comet's motion in a resisting medium. The exist- 
ence of such a medium was in direct opposition to 
all the received doctrines of astronomy, and the 
absolute necessity for its use in this instance was 
looked upon by astronomers with feelings of strong 
distrust. But Encke argued that such a mediuni 
might exist, of such exceeding tenuity as not sen- 
sibly to affect the movements of the ponderous 
planets, while a filmy mass of vapour, as this 
comet undoubtedly was, mi^ht be very sensibly 
retarded in its original velocity, which would di- 
minish continually in the centrifugal force, and 
give to the central attraction of the sun a con- 
stantly increasing power, which would produce 
precisely the phenomena exhibited by the comet. 

With these views, Encke predicted the re- 
appearance of the comet in L822. In consequence 
of its great southern declination at that period, i|; 
escaped all the European observers, and was only 
seen at Paramatta by Bumker. The approach to 
the sun was in some decree confirmed by these ob- 
servations, but it was impossible to reconcile all 
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the observations with the hypothesis of a medium 
of given density. The return in 1825 was not 
favourable for deciding the question, which had 
now become one of the deepest interest. 

Its re-appearance in 1828-9 was awaited w^th 
great anxiety by the friends and opponents of the 
new theoiT. The comet came round, and passed 
its perihelion approximately in accordance with 
the predictions, but the discrepancies from 1819 
up to 1829, with any theory, were so great, as to 
give much perplexity to those engaged in the com- 
putations. After long and patient examination, 
the cause of this difficulty was finally detected. 
The plane of the comet's orbit makes but a small 
angle with the orbit of Jupiter, and when the 
comet is in aphelion, or farthest from tha sun, it 
always approaches very near to the path described 
by the planet. 

A time may come when Jupiter shall be in 
the act of passing that part of its orbit very near 
to the aphelion point of the cometary ellipse, 
while the comet occupies its aphelion, bringing 
these two bodies into close proximity, and pro- 
ducing excessive perturbations in the movements 
of this almost spiritual mass. Such, indeed, was 
the configuration between the returns of 1819 and 
1829, on which occasion the comet was delayed in 
iter return to its aphelion for nearly nine days, by 
the powerful attraction of Jupiter. Under these 
circumstances, any error in tne assumed mass of 
the planet would exhibit itself in an exaggerated 
form in the perturbations of the comet. But it 
was believed in the outset of this investigation, 
that the mass of Jupiter, employed by Laplace in 
his theory of the planets, ana computed by Bou- 
vard, could be relied on as accurate. Indeed, 
Laplace had employed the calculus of probabilities, 
K 2 
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and bad found that there was but one chance out 
of elev^i millions that the mass he had adopted 
could be in error by the one hundredth part of its 
value. 

Suspicion, however, having been aroused with 
reference to the mass of Jupiter, efforts were at 
once commenced to sift thoroughly the matt^, 
and three different computers of high reputation 
undertook the determination of Jupiter^s mass by 
different processes. Encke obtaincKl a mass from 
the perturbations of the small planet Vesta, 
Nicolai from the perturbations of Juno, and Airy 
re-examined the original measure of the elonga- 
tions of Jupiter's satellite, made new measures, 
and thus obtained new data for the resolution of 
the problem of Jupiter's mass. The results ob- 
tained by the three astronomers agreed in a very 
remarkable manner, and proved incontestibly that 
Laplace's estimate of the value of this planet was 
in error more th&n four times the hundredth part 
of its value, and that, instead of requiring 1,070 
globes of the magnitude of Jupiter to balance the 
sun, only 1,049 were necessary. 

With the new mass of Jupiter it seemed pos- 
sible, by admitting a resisting medium, to account 
for all the perturbations of Encke's comet, and for 
a time this theorjr seemed to receive greater con- 
sideration from distinguished men. The appear^ 
ance of Halley's comet in 1835 again threw great 
doubt over the subject, for it was found impossible 
to reconcile the movements of the two comets 
with any assumed density of a receding medium. 
Some have been disposed to adopt the idea that 
the revolution of the planets, for ages, in the same 
direction, in this supposed ethereid fluids, has im- 
pressed upon it a certain amount of motion in the 
same direction, and that those comets which chance 
to revolve with the current will be found to be 
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operated upon differently from those which may 
happen to come into our system in a direction 
opposed to the current. 

I confess, frankly, that my own mind has always 
revolted against the doctrine of a resisting fluid. 
There are so many ways in which the single phe- 
nomenon of the gradual approach of Encke^s 
comet to the sun may be accounted for, without 
resorting to an hypothesis which involves the entire 
destruction of the planetary system, whose perpe- 
tuity has been so effectually provided for by the 
great Architect of the Universe, that it would re- 
quire the most unequivocal testimony to secure the 
full consent of my own mind to tne adoption of 
this remarkable theory. It is proper, however, to 
say, that it has long been receivea with &vour by 
men to whose judgment I am generally disposed 
to yield with implicit confidence. 

Leaving the further consideration of this subject 
for the present, we proceed to the examination of 
another comet of short period, which has excited 
great attention, especially in its recent return. 
As early as 1805, rrof. Gauss, in computing the 
elements of the orbits of the comets of that year, 
found one which seemed to complete its revolution 
in about six years. This comet, however, was 
lost sight of, and it was not untU 1826 that M. 
Biela discovered the same comet on its return to 
its perihelion. This discovery appears to have 
been the result of computation, but how far the 
investigation was carried, I have never been able 
to learn. 

The same object was also discovered by M. 
Gambart about the same time, who, on fixing its 
elements, found that it performed its revolution 
about the sun in an ellipse, with a period of six 
and three-quarter years. This comet, like* Encke's 
is only to be seen with the telesc<q>e. It presents 
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no solid, or even well defined nucleus, and appears 
to be a mere yaponry mass, of exceeding tenuity. 
Taking into account the disturbing influence of 
Jupiter, the returns of BieWs comet, as predicted^ 
agreed well with observation, and gave confidence in 
the theory on which the predictions were founded. 

The return in 1835 excited the liveliest interest 
throughout the civilized world, in consequence of 
the fact that it was discovered from computation, 
that on the night of the 29 th of October, this 
comet would pass a little within the earth'*s orbit, 
and those unacquainted with the subject received 
the impression from this announcement, that the 
earth and comet would come into collision, pro- 
(lucing the most terriffic consequences. Such was 
the consternation excited throughout the city of 
Paris especially, that the Academy of Sciences 
found it necessary to give to the subject their 
serious attention, and finally gave the matter in . 
charge to M. Arago, who produced an elaborate 
report on the subject of comets generally, which 
served to calm the popular apprehension, and has 
proved to be a valuable addition to our knowledge 
on this difficult subject. 

In this report, M. Arago showed that the 
comet would mdeed cross the earth'*s track at the 
time predicted, but at the moment of crossings 
the earth would be some fifty-five millions of miles 
distant from the point occupied by the comet, 
and could not experience the slightest possible 
influence from such a body, at such a distance. 

If the comet bad been delayed in its approach 
for thirty days, by any disturbing cause, then, 
indeed, the earth and comet would have filled at 
the same time the point where their orbits inter- 
sect, and the dreaded collision would have taken 
plae^. The conse(][uences of such a shock it is 
impossible to conjecture^ but reasoning from the 
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known physical condition of the comet, none of 
the terrible disasters so generally anticipated would 
have occurred. The exceeding rarity of the matter 
composing this body may be inferred fh)m the 
statements of Sir John Herschel. " It passed,'' 
says he, "over a small cluster of most minute 
stars of the sixteenth or seventeenth magnitude ; 
and when on the cluster presented the appearance 
of a nebula resolvable, and partly resolved, the 
stars of the cluster being visible through the 
comet. A more striking proof could not have 
been offered of the extreme translucency of the 
matter of which the comet consists. The most 
trifling fog would have effaced this group of stars, 
yet they continued visible through a thickness of 
cometic matter which, calculatmg on its distance 
and apparent diameter, must have exceeded 
50,000 miles — ^at least towards its central parts. 
That any star of the cluster was centrally covered, 
is indeed more than I can assert ; but the general 
bulk of the comet might be said to have passed 
centrally over the group ^ 

Such is the nature of the body from whose 
contact the ignorant apprehended the most fearful 
convulsions. Olbers, who studied the subject 
with great care, was disposed to think that in case 
the earth had passed directly through the comet, 
no inconvenience would have occurred, and no 
change beyond a slight influence on the climate 
would have been experienced. 

It is useless to speculate with reference to the 
probable consequences of a collision, which there 
IS scarcely one chance in millions can ever occur. 
Science has as yet discovered no guarantee for any 
planet against the possible shock of a comet ; but 
an examination of the delicate adjustments of our 
system, and those of Jupiter and Saturn, would 
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seem to indicate to us that in all past time no de- 
rangement has ever occurred firom such a cause. 

The last return of Biela's comet was marked by 
a phenomenon unexampled, so fiir as I know, in 
the history of these wandering bodies. True to 
the predictions of Santini, the comet first became 
visible on the evening of the 26th November, 
1845, and in the precise point which had been 
assigned by theory. De Vico, the director of the 
observatory at Rome, was the first to catch a glimpse 
of the expected comet. Nothing remarkable in 
its appearance was noticed, until about the 29th 
of December, when Mr. E. 0. Herrick, of New 
Haven, pointed out to several friends what he re- 
garded to be a sort of anomalous tail, but shooting 
out from the head of the comet in a directicm 
entirely at variance with the usually received 
theory, that the tail is always opposite to the sun. 
In this supposed tail a kind of knot was noticed, 
brighter and more condensed than any other part. 
Owing to insufficient optical power, the true cha- 
racter of the phenomenon was not fsurly detected 
by Mr. Herrick. 

On the night of the 12th of January, 1848, 
Lieutenant Maury, in charge of the observatory at 
Washington City, discovered that what had hither- 
to appeared as a single body, was actually com- 
posed of two distinct and separate comets. This 
most extraordinary fact was immediately an- 
nounced, and the double character was observed 
at all the principal observatories in Europe and the 
United states. There can be no doubt whatever 
as to the reality of the appearance. The comet 
actually became double, and the two parts, bound 
together by some inscrutable bond, continued their 
swift journey through space, pursuing almost ex- 
actly the route predicted for the single comet. 

From measures obtained by Professor Ghallis, 
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of Cambridge, England, on the 23d of January, 
1846, the two comets separated from each other 
hj a distance equal to about one-thirteenth the 
apparent diameter of the sun. On the 28th of 
the same month, Sir John Herschel records the 
following notices : — " The comet was evidently 
double, consisting of two distinct nebulse, a larger 
and a smaller one, both round, or nearly so, — ^tlie 
one in advance faint and small, and not much 
brighter in the middle ; the one which followed 
nearly three times as bright, and one and a half 
times larger in diameter, and a good deal brighter 
in the middle, with an approach to a stellar point."" 

On the evening of the 9th of February, having 
returned to the observatory at Cincinnati, after an 
absence of more than two months, I had an op- 
portunity of beholding, for the first time, these 
wonderful objects, with the twelve inch refractor. 
The moon was nearly frdl, and jet the comets 
were distinctly viable, both included within the 
limits of the field of view of the instrument, and 
separated from each other by a distance equal to 
about the eighth part of the sun's diameter. The 
preceding comet was evidently the brighter of 
the two. 

Clouds prevented a continuous examination of 
the comets from night to night, but on the evening 
of the 2l8t of February, I was surprised to find a 
remarkable change in the relative brilliancy of the 
two parts. On that evening the following comet 
was very decidedly brighter than its companion, 
and from observations made elsewhere, the change 
of relative brightness seems to have been effect^ 
about the 13th or 14th of February. The change 
was observed by Prof. Encke, of Berlin, as early 
as the 14th. On the evening of the 21st of 
February, both comets exhibited distinct trains of 
light, extending from the sun, and in directions 
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parallel to each other. The centre of the nucleus 
of each comet was brighter than the surroundiDg 

¥)rtions, but there was no stellar point visible, 
he nebulosity of the two points did not inter-* 
mingle. 

The distance between the comets increased frona 
day to day, until, on the 25th of February, they 
were separated by an amount equal to 445 seconds 
of arc, or between a forth and fifth part of the 
sun^s diameter. A part of the increase of distance 
was only apparent, arising from the approach of 
the comets to the earth, but the comets were 
actually receding from each other while pursuing 
their rapid flight through space. 

Neither did the line joining the central poin^ 
of the comets remain paralled to itself. From the 
23d of January to the 11th of February, this line 
shifted its position by an amouut of angular 
motion equal to 8^ as is shown by a comparison 
of the measures of Challis and Encke. By the 
21st of February, this angular motion had been 
nearly destroyed by a retrograde movement^ and 
thus the comets were seen to oscillate about each 
other, according to some mysterious law which 
has never been revealed. Such as a brief sketch 
of the phenomena presented by Biela's comet i& 
its late return. Its next appearence will be look- 
ed for with deep interest, to confirm or destroy 
certain theories which have been propounded to 
explain its duplex character. 

While the periods of the comets which we have 
thus far considered are comparatively short, those 
of others which have visited our system have been 
ascertained to extend to many thousands of yearff.^ 
The great comet of 181 1, one of the most brilliant 
of modern times, in consequence of its remaining 
visible for nearly ten months, gave ample oppor- 
tunity for the investigation of the elements of its 
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Qfbit. After a careful investigation, M. Arge- 
lander fixes its period of revolution at 2,888 years. 
Bessel had examined the same subject previously, 
and probably with less attention, but obtained a 
period even greater than Argelander's, amounting 
to 3,483 years. 

The comet of 1807 also occupied the attention 
of Bessel. A long series of observations furnished 
the data for computing its elements. The periodic 
time was fixed at 1,553 years. These conipu- 
tations are necessarily only approximate. The 
difficulty of obtaining accmrately the periodic time 
increases with the 8tr4n^h of the period, all 
that can be done is to nx a limit below which it 
cannot fall. The^ vast periods give to us the 
means of learning somewhat of the great distance 
ip which these oJ^ects penetrate into space. The 
comet of 1811, having a period probably three 
thousand times greater than that of our earth, 
must revolve at a mean distance from the sun of 
more than 80,000,000,000 of miles, and in conse- 
quence of its very near approach to the sun at its 
perihelion, its greatest distance cannot fall below 
160,000,000,000 of miles! 

Great as this distance is, it is perfectly certain 
tl|at there are many comets which revolve in orbits 
far more extensive than the one described by the 
comet of ] 81 1 . Indeed, there seems to be no limit 
to the distance to which these bodies may sweep 
outward from the sun ; and their return dependjs 
simply on the fact whether they recede so far as to 
fall within the attractive influence of some other 
sun, towards which they begin to urge their flight, 
and through whose system of planets thev carry the 
same apprehensions of danger which have been 
caused m our own. 

In reflecting on these singular objects, we are 
led to inquire what they are, whence their origin. 



226 8TBUCTU&K OF THS UNIVERSE. 

and hj what laws are the vast trains of li^ht which 
oooasionallj distinguish them developed i Arago 
divides comets into three classes, with referoice to 
their physical constitution. He thinks they ooca- 
sionally appear round, and with well defined 
planetary aiscs, showing them to be solid opaque 
l)odies, in all respects resembling planets, and only 
differing from these in the great eccentricity of 
their orbits. In confirmation of this opinion, he 
asserts that comets have been seen to transit the 
sun, and when passing between this luminary and 
the eye of the spectator, they appear round and 
black, like the planets Mercury and Venus, when 
seen under the same circumstances. An example 
of this kind occurred on the 18th of November, 
1826, when the transit of a comet across the sun 
was witnessed by two persons, widely separated 
firom each other. 

A second class of comets comprehends those in 
which there is a nucleus, but devoid of opacity, 
permitting the light to penetrate through even that 
portion which may possibly be solid. The third 
class, and that by far the most numerous, compre- 
hends those comets destitute, entirely, of any solid 
nucleus, consisting of matter so attenuated as to 
conopare fairly with nothing of which we have any 
knowledge on the earth^s surfEuse. The comets 
named for Encke and Biela appear to belong to this 
class ; and even Halley^s comet, according to the 
opinion of Sir John Herschel, seems, at its last 
return, to have been entirely turned into vapour in 
its perihelion passage. 

No theory, with the exception of Laplace's nebu* 
lar hypothesis, has ever been framed to explain the 
origin of these wandering bodies. This is not the 
place to enter into a full developement of this sub* 
ject. — A few hints only can be ^ven. Laplace, 
following up the speculation of Sur William Her** 
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Bchel, applied the theory of that astronomer to the 
formation of the solar system, comprehending the 
comets^ as well as the planets and their satellites. 
This theory supposes that the original chaotic con- 
dition of the matter of all suns and worlds was 
nebulous, like the matter composing the tails of 
comets. Under the laws of gravitation, this 
nebulous fluid, scattered throughout all space, com- 
mences to condense towards certain centres. The 
particles moving towards these central points, not 
meeting with equal velocities, and in opposite direc- 
tions, a motion of rotation is generated m the entire 
fluid mass, which, in figure, approximates the 
spherical form. 

The spherical figure once formed, and rotation 
commenced, it is not difiicult to conceive how a 
system of planets might be produced from this ro- 
tating ma^ corresponding, in nearly all respects, 
to the characteristics which distinguish the planets 
belonging to our own system. If, by radiation of 
heat, this nebulous mass should gradually contract 
in size, then a well known law of rotating bodies 
would insure an increased velocity of rotation. — 
This might continue until the centrifugal force, 
which increases rapidly with the velocity of the 
revolving body, would finally come to be superior 
to the force of gravity at the equator, and from 
this region a belt of nebulous fluid would thus be 
detached, in the form of a ring, which would be 
left in space by the shrinking away of the central 
|[lobe. The ring thus left would generally coalesce 
into a globular form, and thus would present a 
planet with an orbit nearly, if not quite circular, 
lying in a plane nearly coincident with the plane 
of the equator of the central body, and revolving 
in its orbit in the same direction in which the 
central globe rotates on its axis. 

As the globe gradually contracts, its velocity ot 
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rotation continuallj increasing, another ring of 
matter may be thrown off, and another planet 
formed, and so on, until the cohesion of the parti- 
cles of the central mass may finally be able to 
resist any ftirther change, and the process ceases. 

The planetary masses, while in the act of cooling 
and condensing, may produce satellites in the same 
manner, and by the operation of the same laws, by 
which they are themselves formed. Strange and 
fanciful as this speculation may appear, there are 
many fects which tend strongly to give it more 
than probability. It accounts for all the great fea- 
tures of the solar system, which, in its organization, 
presents the most indubitable evidence that it has 
resulted from the operation of some great law. 

The sun rotates on an axis in the same direction 
in which the planets revolve in their orbits ; the 
planets all rotate on their axes in the same direc- 
tion ; they all circulate around the sun in orbits 
nearly circular, in the same direction, and in planes 
nearly coincident with the plane of the sun's equa- 
tor. The satellites of all the planets, with one 
single exception, revolve in orbits nearly circular, 
but little inclined to the equators of their prima- 
ries, and in the same direction as the planets. So 
far as their rotation on axes has been ascertained, 
they follow the general law. In one instance 
alone we find the rings of matter have solidified in 
cooling, without breaking up or becoming globu- 
lar bodies. This is found in the rings of Saturn^ 
which present the very characteristics which 
would flow from their formation according to the 
preceding theory. They are flat and thin, and re- 
volve on an axis nearly, if not exactly, coincident 
with the axis of their planet. Their stability, as 
we have seen, is guaranteed by conditions of won- 
derful complexity and delicacy, and the adjustment 
of the rings to the planet, (humanly speaking), 
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would seem to be impossible after the formation 
of the planet. At least it is beyond our power to 
conceive how this could be accomplished by any 
law of which we have any knowledge, and we 
must refer their structure at once to the fiat of 
Omnipotence. 

Granting the formation of a single sun by th 
nebular theory, and we account at once for the 
formation of all other suns and systems through- 
out all space ; and according to the advocates of 
this theory, the comets have their origin in masses 
of nebulous matter occupying positions interme- 
diate between two or more great centres, and held 
nearly in equilibrio, until, finally, the attraction of 
some one centre predominates, and this uncon- 
densed filmy mass commences slowly to descend 
towards its controlling orb. This theory would 
seem to be sustained, so &r as a single truth can 
sustain any theory, by the fact that the comets 
come into our system from all possible directions, 
and pursue their courses around the sun either in 
accordance with, or opposed to, the direction in 
which the planets circulate. Their uncondensed 
or nebulous condition results from the feeble cen- 
tral attraction which must necessarily exist in 
bodies composed of such small quantities of matter. 
Moreover, in some cases at least, there is reason to 
believe, that in their perihelion passage they are 
entirely dissipated into vapour by the power of the 
sun*^B heat, and may thus revolve for ages, going 
through alternate changes of solidification and 
evaporation. 

But whence come the enormous trains of light 
which sometimes attend these wandering bodies ! 
The last return of Halley's comet has fiimished 
the data for the positive illustration of this myste- 
rious subject. Sir John Herschel, after a careful 
and most elaborate examination of all the physical 
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characteristics of this comet, comes to the conclu- 
sion that the figure of the comet, envelope and 
tail, could not be a figure of equilibrium under 
the law of gravitation. He is therefore com- 
pelled to bring in a repulsive force to explain the 
phenomena. 

I cannot do better than quote his own language 
in this bold introduction of a new power : — " Nor 
let any one be startled at the assumption of such 
a rej)ulsive force as here supposed. Let it be borne 
in mind that we are dealing (in the tails of comets) 
with phenomena utterly incompatible with our 
ordinary notions of gravitating matter. If they be 
material in that ordinary received sense which 
assigns to them only inertia and attractive gravi- 
tation, where, I would ask, is the force which can 
carry them round in the perihelion passage of the 
nucleus, in a direction pointing continually /rem 
the sun, in the manner of a rigid rod, swept round 
by some strong directive power, and in contraven- 
tion to all the laws of planetary motion, which 
would require a slower angular motion of the 
more remote particles, such as no attraction to the 
nucleus could give them, be it ever so intense! 
The tail of the comet of 1680, in five days after 
its perihelion passage, extended far beyond the 
earth's orbit, having, in that brief interval, shifted 
its angular position nearly 150 degrees. Where 
can we find, in its gravitation either to the sun^ 
or to the nucleus, any cause for this extravagant 
sweep. 

" feut, again, where are we to look (if only 
gravitjr be admitted) for any reasonable account of 
its projection outward from the sun, putting its 
angular motion out of the question ! Newton 
calculated that the matter composing its upper 
extremity quitted the nucleus only two days pre- 
vious to its arriving at this enormous distance."' 
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Herschel argues the inadequacy of gravitation to 
account for these wonderful phenomena. The velo- 
city with which the matter composing the tail shot 
forth from the head of the comet, from the stm^ was 
far greater than that which the sun could impress 
on a body falling to it, even from an infinite dis- 
tance. — An energy of a different kind from gravi- 
tation, and far more powerftil, must exist, to pro- 
duce such results. If, then, we are forced to the 
admission that a power exists in the sun capable 
of repelling dfiatter of a certain quality existing in 
comets, a way is opened for the explanation of 
some of the most difficult problems with which the 
mind has been obliged to contend. 

The diminution of the periodic time of Encke^s 
comet has led some astronomers to adopt the idea 
of the existence of a resisting medium. But in 
case the sun possesses the power of repelling the 
matter of comets in their perihelion passage, a part 
of the matter thus repellM may be driven entirely 
beyond the attractive influence of the nucleus, and 
be irrecoverably lost. In this case, a diminution of 
mass would inevitably involve a like diminution of 
periodic time, a contraction of the orbit, and all the 
phenomena presented by this mysterious object. 
Herschel even thinks it possible, on this theory, to 
account for the separation of Biela^s comet into two 
distinct objects, and it appears to me that it pre- 
sents the most reasonable explanation of the lumin- 
ous appearance seen at certain seasons of the year, 
called the zodiacal light, — This phenomena appears 
to be a ring of nebulous matter surrounding the 
sun, and some of whose particles are sustained at a 
much greater distance tnan could be accounted for 
by gravitation. Admitting the repulsive power 
already adverted to, there is no difficulty in under- 
standing how this nebulous ring may be sustained 
at a vast distance from the sun. 
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Here we freely admit that we enter the confines 
of the unknown. We have left the solid ground 
of truth and certainty, and are pushing our inves- 
tigations into the dim twilight of the invisible and 
uncertain. But as antiquity predicted that the 
time would come when the comets would be traced 
in their career, their periods revealed, and their 
orbits ascertained, so we may confidently hope that, 
at no very distant day, all the mysteries which 
hang around these chaotic worlds will be fiilly re- 
vealed, and a knowledge of their physical condition 
shall reward the long study and deep research of 
the human mind. 
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CHAPTER IX. 

THE SOALE ON WHICH THE UNIVERSE IS BUILT. 

Thus far our attention has been directed to an 
examination of the achievements of the human 
mind within the limits of our own peculiar sys- 
tem. We have swept outward from the sun 
through the planetary worlds, until we have 
reached the frontier limits of this mighty family. 
Standing upon the latest found of all the planets, 
at a distance of more than 3,000,000,000 of miles 
irom the sun, we are able to look backwards, and 
examine the worlds and systems which are all 
embraced within the vast circumference of Nep- 
tune^s orbit. An occasaional comet, overleaping 
this mighty boundary, and flying swiftly past us, 
buries itself in the great abyss of space, to return 
after its " long journey of a thousand years," and 
report to the inhabitants of earth the influences 
wnich have swayed its movements in tbe invisible 
regions whither it speeds its flight. 

The magnificence and complexity of the great 
system of planets and satellites and comets which 
constitute the sun's retinue ; the immense magni- 
tude of some of these globes ; their periods of 
revolution, and reciprocal action, ' would seem to 
furnish a sufiicient exercise — ^not only for the 
highest intellectual efforts, but for the entire energy 
which the human mind can exert. But the whole 
of this stupendous scheme, as we shall soon see, 

L 
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is but an infinitesimal portion of the nniverse of 
Gh)d, one unit among the unnumbered millions 
which fill the crowded regions of space. Standing 
at the verge of the planetary system, we find our- 
selves surrounded by a multitude of shining orbs, 
some radiant with splendour, others faintly gleam- 
ing with beauty. The smallest telescopic aid 
suffices to increase their number in an incredible 
degree, while with the ftdl power of the grand 
instruments now in use, the scenes presented in 
the starry heavens become actually so magnificent 
as to stun the imagination and overwhelm the 
reason. Worlds and systems, and schemes and 
dusters, and universes, rise insuUime perspective, 
fiiding away in the un&thomable regions or space, 
until even thought itself fails in its efforts to 
plunge across the gulf by which we are separated 
nrom these wondenul objects. 

In our measurements within the limits of the 
solar system, the radius of the earth s orbit hfts 
sufficed for a unit with which to exhibit the dis- 
tances of the planets and comets. Great as is this 
unit, measuring no less than 95,000,000 oi miles, 
we E^all soon find it far too minute and insignifi- 
cant to serye in our researches with reference to 
the grand scale of the visible universe. To obtain 
comprehensible ideas with reference to the inter- 
stellar spaces, we shall be obliged to call to oar 
aid a unit, not exactly of distance, but of velocity ; 
and before entering on the Aill exhibition of the 
main object of this lecture, permit me to direct 
your attention to a remstfkable discovery, by which 
the important &ct has been revealed, that light 
does not pass instantly from a luminous body to 
any remote object on which it may fall, but with 
a progressive motion, whose actual velocity has 
been ascertained. The important bearing of this 



SCALE ON WHICH THE UN1VER8E IS BUILT. 235 

discovery will become apparent as we advance in 
our examination of the sidereal heavens. 

After the motions of the four moons of Jupiter 
had been sufficiently observed to construct tables 
of their movements, with a view to predict their 
eclipses, some unaccountable phenomena presented 
themselves, which, for a long time, baffled all ef- 
forts to explain them. It should be remembered, 
that the orbit of Jupiter encloses that of the earth, 
and when the two planets happen to be on the 
same side of the sun, and in a straight line passing 
through that orb, they are then at their least distance 
from each other, and are said to be in conjunction. 
Now suppose Jupiter to remain stationary, at the 
half a ^ear the earth will have reached the oppo- 
site pomt of her orbit, and will now be more dis- 
tant from Jupiter by an amount equal to the dia- 
meter of her orbit, or nearly 200,000,000 of miles. 
Retaining carefully these positions in the mind, 
we shall follow the facts about to be presented 
with the greatest ease. 

It was found that those eclipses of Jupiter's 
satellites, which occurred while the earth and pla- 
net were at their least distance from each other, 
always came no sooner than the time predicted by 
the tables; while, on the contrary those which 
took place when the planets were most remote 
from each other, occurred later than the computed 
time. A still more extended examination of these 
remarkable phenomena demonstrated the fact, 
that the discrepancies depended evidently on the 
absolute increase and decrease of distance which 
marked the relative position of the planets in their 
revolutions round the sun. For a long time, no 
explanation of these undeniable truths could be 
found, until the mystery was finally solved by 
Boemer, a Danish astronomer, who with admirable 
sagacity, traced these irregularities to their true 
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source, and found that they urose from the &ct 
that li/^ht travelled through space with finite and 
measurable velocity. 

The explanation is simple. When Jupiter and 
the earth are at their least distance from each 
other, the stream of light flowing from the satel- 
lite of the great planet traverses a shorter space to 
reach the eye of the observer on the earth, by 
nearly 200,000,000 of miles, than when the pla- 
nets are most remote from each other. In case, 
therefore, this stream is in any way cut off, it will 
run out sooner in the first than in the second po- 
sition, by the time required to pass over the dia- 
meter of the earth's orbit. The stream of light 
is actually shorter, by 200,000,000 of miles, in the 
first than in the second position of the planets. 

Now the satellites of Jupiter receive their light 
from the sun ; — ^they reflect this light to the earth, 
and when the body of their primary is interposed 
between them and their source of light, Ihej are 
eclipsed ; their light is cut off; its flow is mter- 
rupted ; and when the stream of light starting 
fit)m them at the instant the supply is cut off shaU 
have run out, then, and not till then, does the 
satellite become invisible. This explanation ac- 
counted for all the phenomena in the most beau- 
tiful manner. 

The table had been constructed from the mean 
of a great number of observed eclipses. Hence, 
those which took place while Jupiter and the 
earth were near to each other, womd happen ear- 
lier than prediction; while those taking place 
when the planets where at their greatest distance, 
would oocu^ later than the time given by the ta- 
bles. But the velocity with which this mysterious, 
subtle, intangible substance called light, flew 
through the regions of space, as determined by 
this wonderful theory, was so great as to startle 
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the minds of even its strongest advocates, and to 
demand the most positive testimony to induce the 
belief of those disposed to scepticism. It was 
found to traverse a distance equal to the entire 
diameter of the earth's orbit or 190,000,000 of 
miles, in about 1 6 minutes ! — ^giving a velocity of 
12,000,000 of miles per minute, or 192,000 miles 
in each second of time ! 

It is not our purpose to enter into any investi- 

Etion as to the true theory of light, whether it 
an actual emanation from a luminous body of 
material particles, or whether it be a mere 
vibratory or undulating motion produced by 
luminous bodies on some ethereal medium. My 
only subject, at this time, is to assert the undoubt- 
ed &ct, that in case a luminous body were to be 
suddenly called into being, and located in space at 
the distance of 12,000,000 of miles from the eje of 
an observer, who was on the look-out for its light, 
this light would not reach him until one minute 
after the creation of the* object; and should it 
suddenly be struck from existence, the same 
observer would behold it for one minute after the 
extinction. 

Should any mind revolt from these statements 
— should the difficulty of the investigation, and 
the incredible velocity of light, demand higher and 
better evidence, before full faith can be given to 
the theory. I can only say that this evidence shall 
be given before we close this discussion, and with 
a fulness and clearness which shall set all doubts 
at defiance. 

I now proceed to an examination of the great 

Eroblem of the parallax of the fixed stars, a pro- 
lem which has taxed the ingenuity of the great- 
est minds, and which has called into requisition 
the most admirable skill for a period of more than 
300 years. A ^miliar explanation of the nature 
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<^ this problem may prepare the waj fat a raptd 
sketch of the various means which have been 
employed in its solntion. If it were possible to 
measure on the earth'^s surface a base line of s 
thousand mites in length, by locating an observer 
at each extremity of this base, with iBstruments 
suitable to fix the moon's place among the fixed 
stars, the telescopes of those two observers, direct- 
ed to the moon's centre at the same instant, would 
incline towards each other, and the visual nj 
from) each of those instruments would meet at like 
/ moon s centre, and form an an^i^le wiih each other. 
/ This angle, or opening of the visual rays, is called 
I the faraUaXy and in case the object under exam- 
l ination were a fixed star, dien would the angle in 
vquestion be called the paraUax of the fixed ttUr. 
• It is readily seen that when the length of the 
base is known, and the parallactic angle measured, 
then the length of the vii^al ray may bet &t once 
determined, and the distance of the object is made 
known by the simplest rules of geometry^ 
Parallax, then, in g^eral, is the apparerU change 
in the place of an object, occasioned by the reid 
change in the place of the spectator. 

The whirling of the trees of a forest, produced 

; by the rapid speed of the beholder along a railway, 

/ is a parallactic motion, and becotnes less and less 

perceptible as the velocity of the spectator dimin- 

l ishes, or as the distance of the seemingly moving 

Object becomes greater. To measure tne distance 

of the fixed stars is then equivalent to determining 

the amount of parallactic change in their relative 

positions, occasioned by the actual change of the 

positions from which they may be viewed by a 

spectator on the earth''s surface. 

/ With the sun and moon and planets, a base 

I line equal to the earth's diameter, or about 8,000 

Vmiles, has sufficed to produce a sensible and me*- 
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smable parallax ; but when we extend our visual \ 
rays to a fixed star, from the extremities of this \ 
base, their directi<His, to onr senses, are absolutely \ 
parallel,^ or, in other language, the parallax arising i 
nrom such a base is perfectlj insensible. This first | 
effort indicates, at once, the vast distance of the 1 
objects under examination ; for such is the accu- / 
racy with which minute spaces are now divided, / 
that parallax may be detected in case the object is / 
even 160,000 times farther distant than the lengt^/ 
of the base line. ^ 

When the orbitual motion of the earth was 
first propounded by Gopemicus, and it was asserted 
to revolve in an ellipse of nearly 600,000,000 of 
miles in circumference, and with a motion so 
swift that it passed over no less than 68,000 miles 
in every hour of time, the opponents of these 
startling doctrines exclaimed — m ! tiiis is impos- 
sible ; for if we are sweeping arotmd the sun in 
this vast orbit, and with this amazing velocity, 
tiien ought the fixed stars to whirl round each 
other, as do the forest .trees to the traveller passing 
swiftly by them. 

But the stars of heaven do not move. Seen 
from any point, and at any time, dieir places are 
ever the same, — ^fixed, immutable, eternal, — ^the 
bright tod living witnesses of the extravagance 
and absurdity of this new and impossible theory. 
To this reasoning, which was well founded, and 
witiiont si^histry, die Gopemicans could only re- 
plv, that such was the miormous distanee-bf tiie 
miere of the fixed stars, that no perceptible 
oiiange was occasioned by the revolution of the 
earth in its orbit. But this was mere assertion, 
and the op^nents met the statement by this very 
plain exhibition of the case. — You who believe in 
die doctrines of Gq>emicus assert that the earth 
revolves on an ax», which, as it swe^ round the 
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suu, remains ever parallel to itself. This axis pro- 
longed^ meets the celestial sphere in a point cailed 
the north pole. Mow as the earth describes an 
orbit of ncHuiy 200,000,000 of miles in diamet^,, 
its axis prolonged will cut out of the sphere of the 
heavens a curve of equal dimenmons, and the polo 
will appear to revolve and successively fill every 
point of this celestial curve in the course of thie 
year. Now the north pole does not revolve in 
any such curve ; it is ever fixed, and your thecMy 
is false. The Gopemican could only reply, that 
all the premises were true, but that the conclusion 
was false. The pole of the heavens did revolve 
in just such a curve as stated, but such was* the 
distance of the sphere of the fixed stars, diat this 
curve of 200,000,000 of miles in diameter was 
reduced to an invisible point! 

Three hundred y^rs have rolled away since 
this coDtrovenry began. The struggle iias been 
long and arduous. The mind^ baffled in one di- 
rection, has directed its energies in another — ^failing 
in one mode of research^ it devises another, and 
thus struggling onward for three long centuries, it 
at length triumphs. The facts are developed, and 
the truth of the grand theory of Copernicus is 
vindicated and established, and the accuracy of 
these incredible statements is proved in the clearest 
manner. 

As this discussion exhibits, clearly and beauti- 
fully, the progressive advances of human genius, I 
shall be pardoned for entering, at some length, 
into an examination of the various attempts which 
.have been made to resolve the problem of the 
parallax of the fixed stars. Indeed, the distance 
of ihe nearest fixed star is to become the unit of 
measure with which we are to traverse the innu- 
merable worlds and systems by which we are sur- 
rounded, and on the accuracy with which it sbsjl 
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be determined will depend the correctness of the 
survey which we are soon to make. 

Failing entirely in obtaining any parallactic 
angle with a base line of 8000 miles m length, 
the earth was employed to transport the observer 
from the first point of observation to a distance of 
190,000,000 of niiles, there again to erect his tele- 
scope, and to send up his second visual ray to the 
distant star, in the hope of finding a parallactic 
angle with a base of such an enormous extent. 

Permit me to illustrate the nature of this in- 
vestigation. Suppose from the centre of a plane 
a solid granite rock, deep sunk and immoveable, 
rears its head far above the mists and impurities 
which float in the lower air. Ascending to the 
summit, the astronomer hews out some rough peak 
into the form of a vertical shaft. To this solid 
shaft he bolts the metallic plates which shall bear 
his telescope. The instrument is of a size and 
power commensurate with the grand objects which 
it is required to accomplish, rlaoed in a position 
such as that its axis shall be exactly vertical, it is 
screw-bolted andiron-bound to the solid rock with 
fastenings which shall hold it from year to year, 
fixed and inmGiovable as its rocky base. 

To give more perfect precision to his work, the 
astronomer places in the focus of his eye-piece two 
delicate lines made firom the spider'^s web, of a 
minuteness almost mathematical, which, by cross- 
ing at right angles, form a point of the utmost 
precision exactly in the axis of the telescope. 
These are in like manner fixed immoveably in 
.their places, and now the machinery is prepared 
with which the observations are to be conducted. 

Suppose the observations to commence to-night. 
On placing the eye to the telescope, and looking 
directly up to the zenith, a star enters the field of 
the instrument, and borne along by the diurnal 
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motion of the heavens, advances towards the cen- 
tral point determined by the intersection of the 
spider'^s lines. In passing across the field <^ view, 
its minute diameter is exactly bisected by one of 
these delicate lines, and the exact moment, to die 
hundredth part of a second of time, is noted at 
which it passes the central point. This observa- 
tion completed with all possible precision, in case 
no change in the apparent place of the star is pro- 
duced by the revolution of the earth in its orbit, 
or by any other cause, on each successive night 
throughout the entire year the same phenomena 
will be repeated in the same precise order. When 
the hour comes round, the star will enter the 
field, thread the spider'^s line, and reach the centa*al 
point at the same precise instant, night aft^ ni^H;, 
even for a thousand revolutions of the earth on 
its axis. 

Such, then, is the delicate means employed in 
the examination of the problem <^the parallax of 
the 6xed stars ; and nearly in this way did Brad- 
ley, the great English astronomer, prosecute this 
intricate investigation. If any cnange in the 
star'^s place is occasioned by the revolution of the 
earth m its orbit, sweeping, as it does, the spec* 
tator round the circumference of a l^k nearly 
200,000,000 of miles in diameter, it is easy to 
compute, not the amount, but the direction in 
which these changes will be accomplished. These 
computations were made by the astronomer, and 
all tnings being prepared, he commenced the series 
of observations which were to lead to the most 
important results. The discovery of absolute 
fixity in the star would be a great negative result, 
and any changes, no matter Si what Kind or cha- 
racter, could not fail to be detected. 

Ni^ht after night was the astronomer found at 
his post, and as the months rolled slowly away. 
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he began to perceive that Im star, which, £» a 
long time, tnreaded the spider^s line as it was in 
tiie act of passing the field of the tdesoope, began 
slowly to work off from this line, at last absdiutely 
separating itself from it, and Ruling to readi the 
central pdnt of the fieM at the precise instant 
first reciNrded. It soon became manifest that some 
cause <Nr causes wa-e operating to produce an 
apparent change in the place of the star, but what 
was ikt astonishm^it <» Bradley to find that the 
changes in question could not be produced by 
paraUax, for the motions detected were almost 
jnrecisely oj^site to those v^ieh would arise from 
this cause. 

Long years of laborious examination were 
finally rewarded with two of the most brilliant 
discoveries ever accom^ished by human skill and 
genius. The first of these demonstrated ihe &ct 
that the sun and moon were so operating on the 
{NTOtub^rant matter at the earth^s equator as to 
cause the axis of the earth to oscillate or revolve 
in a minute orbiiy nodding to and fro under the 
influence of the configurations of these two con- 
trolling bodies, and following, in the most absdute 
manner, their relative positions. The efiect of 
this variation, called n^ation^ is to caiise idl the 
irtars to appear alternately to approach and recede 
froni the pole. — The real effect is to move the pole 
by the same amount. 

The value of this change has been determined 
with the utmost precision, and although its entire 
effidct does not shift the pole over a greater space 
than the fourth part of the apparent diameter of 
tiie planet Jupiter, its values, as deduced by dif- 
forent astronomers, and by difierent processes, 
seiurcely differ by the fraction of a seccmd of 
space. As a specimen of the accuracy attained 
in these delicate measurements, I will giv^ three 
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values recently obtained hj the Russian astrono* 
mere. — M. Busch, from BnMejB observations, 
obtains the value 9''.2320 ; M. Liendhal, from 
observations at Derpat, finds the value 9''.1361 ; M, 
Petera, from right ascensions of Polaris, observed 
at Derpat, fixes the value at 9'\2164. — The mean 
of the three values is 9'\2231, the highest difier- 
ence firom which is less than the tenth part of one 
second of arc.^ 

Valuable as' was this discovery, it was actually 
surpassed by the importance of the second, for 
which we are in like manner indebted to Bradley. 
This second phenomenon consisted in an apparent 
movement ot all the fixed stare in a minute orbit, 
which was accomplished in a year for every indi- 
vidual, and showed, in the most absolute manner, 
that it depended in some way on the orbitual 
revolution of the earth. — For a long time, the 
true explanation of this phenomenon, which JBrad- 
ley saw at once was not parallactic, eluded his 
highest sagacity. Potent thought and persevering 
reflection were, however, at last triumphant, and 
an explanation was finally reached, not onl^ of the 
most satisfiictory kind, but involving nothing less 
than an absolute demonstration of the orbitual 
motion of the earth, and a ftdl confirmation of the 
velocity of light, whose prodigious swiftness had 
staggered the faith of numy anions to credit so 
marvellous a statement. 

A few words will sufiice to explain these phe- 
nomena. If we admit the progressive motion of 
light and the revolution of the earth in its orbit, 
it is manifest that the celestial bodies will not oc- 
cupy in the heavens the places they appear to fill. 
Take, for example, the planet Jupiter, and even 
suppose the planet to be fixed. Tne telescope is 
directed to this object, and the light firom the 
planet, streaming through the axis of the instru- 
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ment, reaches the eye of the observer, and produces 
the visible image of the planet. But these very 
particles of light nave occupied nearly forty minutes 
m passing from the planet to the eye of the observer. 
During tnese forty minutes, the earth has progres- 
sed in its orbit some 37,000 miles, and the specta- 
tor on the earth, borne along with it, must see the 
planet, not where /it actually is, but where it was 
in appearance some forty minutes before. The 
same effect, in kind, is produced on the places of 
the fixed stars, and is called aberration. Under- 
standing, now, that 90^0 effect must arise from 
these causes (the velocity of light and the motion 
of the earth), let us endeavour to render its nature 
clear, and the results palpable. To accomplish 
this, we must resort to the simplest means ot elu- 
cidation. 

Suppose a person were on the deck of a boat 
floating down the current of a river at any given 
rate per hour. As he moves steadily down the 
stream, he catches sight of an object on the shore, 
through which he proposes to send a rifle ball. 
The marksman will not aim directly at the 
object. Why ? Because he knows that the rifle 
ball will partake of the boat's motion, and will be 
carried down, after it leaves the gun, and before 
it reaches the mark, a distance equal to the pro- 
gressive motion of the boat during the time of 
flight of the ball. To strike the mark, he must 
therefore make this necessary allowance, and aim 
above it the required quantity. It is readily seen 
that the fiuster the boat moves, the greater will 
this allowance be. 

Now reverse the proposition, and suppose a rifle 
fixed on shore, and so directed as to fire a ball 
down the barrel of a gun on a moving boat. In 
case the two rifles are on the same exact level, 
and the axis of the barrels come precisely to coin- 
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oide, it might be rappoeed that if the fixed oiie is 
fired at the exact instant the mozzlefi oome preeisefy 
opposite to each other, that the ball from the one 
will pass down the other. But this, from a mo- 
ment's reflection, is found to be fiilse. The fixed 
rifle must be fired before the moving one comes 
opposite, and the allowance must be nmde l^ 
knowing how long the ball requires to move from 
the one j^n to the other, and with what yelocitj 
the moving piece is descending. This computa- 
tion being accurately made, ^e ball from the 
shore might be made to enter the muzzle of tiie 
moving rifle; but while it is progresmng down 
the barrel, the barrel itself is progressing down 
the stream, and hence, to avoid the pressure of 
the ball against the upper side of the barrel, we 
must fix it in an inclined position, and the bottom 
of the barrel must be as far up stream as it will 
descend by the boaf^s motion during the jxrogteem 
of the ball down the barrel. Hence we see that 
the direction in which the barrd of the rifle which 
is to receive the ball is to be placed, is determined 
by the velocity of the ball, and the velocity of the 
boat which bears the rifle. 

Now for the application. The partides of light 
coming from the nxed stars are the balls from the 
fixed rifle. The boat corresponds to the earth 
sweeping around its orbit, and bearing with it the 
tube of the astronomer, down whose axis the par- 
ticles of light must pass to reach the observer'^ 
eye. The velocity of the earth's motion is well 
known, and the amount by which the telescope 
must be inclined to cause the light to enter, has 
been accurately determined, and fnmi these two 
data tfael velocity of the light itself becdmes 
known, and confirms, in the most satisfactory man- 
ner, the previously determined manner of this 
incredible velocity, while the reality of the earth's 



SCALE ON WHICH THE UKIVBERE IS BUILT. 247 

motion is absolutely necessary to render the pheno- 
mena at all explicable. 

/ Such were the beautifdl results reached by 
Bradley, and although nothing was ^ined witn 
^reference to the parallax, these preliminary disco- 
veries were in themselves of the nighest value, and 
prepared the way for subsequent observers, who, 
witn better means and more delicate instrumental 
aid, might promote the same great investigation. 

Amid the numerous and diversified researches 
of Sir William Herschel, the problem of the 
t)«*allax of the fixed stars could not fail to engage 
his attention, by its difficulty and importance. — 
He devised a new means of prosecuting this re^ 
search, which seemed to promise the most certain 
success. In his exploration of the heavens with 
his powerful telescope, he discovered the curious 
fact that many fixed stors which, to the unassisted 
eye, appear as single objects, under the space anni- 
hilating power of the telescope, are seen to consist 
of two, sometimes of three or more, individual 
stars, so close to each other, that, to the naked 
eye, they blend into a single object. 

Herschel, in the outset, conceived that thi^ 
proximity of the stars was an accidental circum- 
stance, and that where a pair could be found, in 
which one individual was about double the otiiw 
in magnitude, it might reasonably be inferred that 
the smaller of the two was twice as deeply sunk 
in space as the larger. If this hypothesis could 
be shown to be true, then would these objects 
present an admirable means of detecting, with the 
^eatest accuracy, any change in their relative po- 
sitions, occasioned by the orbitual motion of the 
earth. In case their proximity was optical, or 
merely occasioned by the fact that the visual ray 
drawn to the one passed nearly through the other, 
it is manifest that, shifting greatly the porition of 
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observer, the stars might be made to open out or 
dose up on each other, or even revolve the one 
about the other. In employing this mode of in- 
vestigation, the objects of comparison fell within 
the range of view of the same telescope, and 
almost lul extraneous sources of error were elimi- 
nated. 

Such was the plan devised, or rather perfected 
by Herschel, (for his predecessors had already 
suggested it), and on the prosecution of which he 
entered with the zeal wnich ever distinguished 
this great astronomer. When he commenced his 
researches, some half dozen double stars had been 
discovered and recorded. His first duty was to 
increase this number as rapidiy as possible, and 
from his entire catalogue to select those best 
adopted to his purpose. Under his penetrating 
glance, the number of these curious duplex objects 
increased with astonishing rapidity, and he was 
himself startled with their frequent occurrence. 
However, with a mind fixed on his original 
design, he selected a large number of pairs, of 
such relative magnitudes, and in such positioius, 
as promised the most certain success. Let it be 
remembered that many of these delicate objects 
were not divided from each other by a space 
greater than the thousandth part of the sun'^s 
diameter. 

To ascertain the apparent changes in the rela- 
tive positions and distances of the stars composing 
these pairs, Herschel measured, with every care, 
the distance which separated them, and took the 
direction of the line drawn from the centre of the 
one to the centre of the other. Variations of 
distance and position, occasioned by parallax, 
were easily computed in kind and character, and 
the great astronomer commenced and prosecuted 
is observations with sanguine hopes of success. 
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One thing was certain : — all parallactic moyements 
would have a period of one year, since they arise 
•firom the annual revolution of the earth in its 
orbit, and at the end of this period the stars com* 
posing the double sets ought to return to the 

edition occupied at the outset. What was 
erscheFs astonishment to find that, in many 
instances, the stars composing these pairs were 
actually in motion ; but the movement was cer- 
taialy not of a parallactic kind, for it neither 
agreed in direction or in period with the effects of 

5arallax. Here was another grand discovery ! 
'hese double stars, which were scattered through- . 
out the heavens with far greater provision than 
accidemtal optical proximity could warrant, were 
found to be magnificent systems of revolving suns ! 
They were united by the law of gravitation, and 
exhibited the wonderful spectacle of stupendous 
globes, moving in obedience to the same inuuenoes 
which hold the planets in their orbits, and guide 
the comets in their eccentric career. This is not 
the place to enter into detail concerning these 
wonaerful objects. 

While a new field of investigation, boundless 
and magnificent, was opened, up to the human 
mind ; while the great discoverer of these far- 
sweeping suns was more than rewarded for his toil 
and labour, the original object of bis research was 
not only left unattained, but the method selected 
with so much reasonable hope of success, became 
utterly inapplicable. The parallactic and abso- 
lute motions of the systems of stars became so 
inextricably involved, that the imperfect micro- 
metrical means of Herschel could not separate 
them. 

Thus far, the efforts to obtain the distance of 
the stars had been unavailing. — A negative solu^ 
tion had indeed been reached. That their distance 
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was enormous, wag made evident, from the fiurt 
that the parallax had remained insensible, evetk 
vaidet the most careful and delicate instramental- 
tests. Any absolute solution began almost to be 
despaired of when hope was again revived^ hj the 

3ificent refracting telescopes, for which the 
[ was indebted to the skill and genius of the 
celebrated Frauenhofer, of Munich. — This great 
artist, aided by the profound science of Bassel, 
contrived and executed an instrument of extraor- 
dinary power, and especially adapted to the researoh 
fbr the parallax of tne fixed stars. 

Armed with a micrometrical apparatus of won* 
derful perfection, and capable of executing mea- 
sures of great, as well as minute distances, the 
telescope was so arranged as to be carried forward 
by debcate machinery, with a velocity exactly 
equal to the diurnal motion of the object imder 
examination. To give some idea of the delicacy 
of the contrivances with which these great tele* 
scopes have been provided, it is only necessary to 
state that the micrometer of the great Befractor 
of the Cincinnati observatory is capable of dividing 
an inch into 80,000 equal parts ! — When mecha- 
nical ingenuity &iled to construct lines of mathe- 
matical minuteness, the spider lent his aid, and it is 
with his delicate web that these measures are 
accomplished. Two parallel spider'^s webs »e 
adjusted in the focus of the eye-piece of the mi- 
crometer, and when the light of a small lansp is 
thrown upon them, the eye, on looking thrcmgh 
the telescope, sees two minute golden wires, 
straight and beautiftil, drawn across the centre of 
the field of view, and pictured on the heavens. 
These are within the control of the observer^ 
He can increase or decrease their distance at plea- 
sure, and so revolve them as to bring them into 
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ainj position, ev^ motion being accurately mea- 
sured bjr properly divided scales. 

Suppose, then, it is desired to take the distance 
and position of the stars forming a pair. The 
telescope is directed to them, and they are brought 
to the centre of the field in view. The dodc 
work is in action; it takes up the ponderous 
instrument, weighing more than 2,500 pounds, 
and with the most astonishing accuracy it beurs it 
onward, keeping its mighty eye fixed on the ob* 
ject under examination. The observer is thus Ufft 
with both hands free to make bis measures. — He 
first revolves his micrometer spider's lines round 
until one of them shall exactly pass firom centre 
to centre of the stars. This position is noted, and 
from it is deduced the angle formed by this line 
with the meridian. He then revolves them a 
quarter of the circumference, and they are then 
perpendicular to their former position. He now 
separates the wires until the one shall exactly bi<^ 
sect one star, while the other wire passes through 
the centre of the second star, reading this distance 
on the proper scale. He has fixed, in these two 
observations, the position and distance of the two 
components of the double set.^ — Such is the j«e* 
cision attained in this work, that the most nunute 
motions cannot escape detection. If the stars 
separate from each other at so low a rate that a 
million of years would be required to perform the 
circuit of the heavens, their motion would be de- 
tected in half a year ! 

With machinery more delicate even than this, 
and better adapted to the purpose, and of a kind 
somewhat diffiu^nt, Bessel once more renewed the 
research after the unattainable parallax of the 
fixed stars. His great instrument, called the he- 
liameter^ was mounted as early as J 829, but a 
multitude of causes, and some imsucoessful effi>rts. 
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delayed his principal operations up to August, 
1837. Three great principles guided him in his 
selection of 61 in the Swan, as the star on which 
to perform his observations. First. It was affected 
by a very great proper motion^ a characteristic 
which we will explain fiilly hereafter, and which 
indicated it to be among the nearest of all the 
stars. Second. Its duplex character adapted it 
especially to the instrument he was about to em- 
ploy. Third. The region occupied by 61 Cygni 
contains a number of minute stellar points, close 
to the double star, admirable fixed points, to which 
the relative motions of the two components of the 
star to be measured might be referred. 

With these advantages, and a magnificent in- 
strument, JBessel commenced his observations. — 
He measured the distance from the centre of the 
line joining the two stars, to two of the small 
stellstf points, which served him as points of refinv 
ence, and this kind of observation was repeated 
night after night, whenever the stars were visible, 
from the middle of August, 1837, up to the end 
of September, 1838. The entire series of obser- 
vations was taken and corrected for every possible 
known error, and in case any appreciable change 
remained, it could onlv be attributed to parallax. 

After a most careful and elaborate investigation, 
a variation commenced to show itself, increasing 
precisely as parallactic variation ought to increase, 
and diminishing as it ought to diminish. The 
period of these changes was precisely a year, and 
m all particulars there was an exact correspond- 
ence in kind with the changes which ouffht to be 
produced by parallax. But such was their minute 
character, that Bessel hesitated. 

During another year the observations were re- 
peated. The same results came out, and the pre- 
vious values were confirmed. A third year^'s 
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observations, yielding precisely the same values, 
removed all doubt, and the great Eoenigsburgh 
philosopher announced to the world that be had 
passed the impassable gulf of space, and bad mea- 
sured the distance to the sphere of the fixed stars ! 
But how shall I convey anjr adequate idea of the 
stupendous distance! Millions and millions of 
miles serve only to confound the mind. Let us 
emplov a different kind of unit. 

Light, as we have seen, travels with a velocity 
of 12,000,000 of miles in every minute of time. 
Hence, to reach us from the most remote of all the 
planets, Neptune, whose distance from the sun is 
about 3,000,000,000 of miles, will require a journey 
of about four hours ; but to wing its flight across . 
the interval which separates our sun from 61 
Cygni, will require a period not to be reckoned by 
hours, or by days, or by months. Nearlv ten 
^ears of time must roll away before its light, flying, 
m every second, 192,000 miles, can complete its 
mighty journey ! If the mind revolts at tnis con- 
clusion ; if the distance be too great for compre- 
hension ; if the scale of the universe thus suggested 
even staggers the imagination, I can only say, that 
all subsequent observation has confirmed, m the 
most satisfactory manner, the accuracy of BessePs 
results. This great astronomer first led the way 
across the mighty gulf which separates us from 
the fixed stars. The distance once passed, the 
route has become comparatively easy, and suc- 
ceeding observers have determined the parallax of 
a su£Bcient number of stars to show that their 
results are entirely trustworthy. 

Having now succeeded in gaining a knowled^ 
of the distance which separates our sun from its 
remote companions, we are prepared to extend pur 
explorations of the universe. The question natu- 
rally arises, how are the stars distributed through- 
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out space ! — ^are ihej indifferently scattered in all 
directions, or are they grouped together into mag^ 
nificent systems ! A curscnry examination of tbs 
starry heavens with the naked eye shows us, that 
so far as the larger stars are concerned, they do not 
appear to have been distributed in the celestkJ 
sphere according to any determinate law ; but on 
applying the telescope, that luminous zone which, 
under the name of the Milky Way, girdles the 
whole Heavens, is found to be composed of mimite 
stars, scattered like millions of diamond pointa^a 
the deep blue ground of the sky. 

Sir William Hersehel conceived the idea that it 
might be possible to fathom this mighty ocean of 
stais, and to determine its metes and bounds ; to 

five to it figure, and to circumscribe its limits. — 
t will not oe difficult to explain, in a few words, 
the general outline of the plan adopted bv this ex* 
traorainary man in tho prosecution of this w<m- 
derful undertaking. In this case if we admit that 
the stars are of equal magnitudes, and at equal 
distances from each other, it would not be difficult 
to ascertain how far they extended in any given 
direction, the one behind the other. It is mani£^, 
that in examining the heavens with a telescope of 
given power and aperture, we shall be able to 
count more stars in the field of view in those re- 

g'ons where they are so arranged as to reach 
rthest back into space ; and in case we know 
their absolute distance from each other, the number 
counted in any field of view, will determine with 
certainty the length of the visual ray reaching to 
the most remote star visible in that field. 

Now, although the hypothesis that the stars are 
of equal magnitude, and are uniformly distributed 
through space, may not be rigorously true, yet 
doubtless the mean distances are not far from this 
hypothesis ; and although our limits may only be 
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approximate, yet as such they are to be relied 
upon, and they become the more interesting as 
they carry us to the utmost limits of human in- 
vestigation. Armed with his mighty telescopes, 
Sir W illiam Herschel commenced the stupendous 
task of sounding the heavens, with the purpose of 
ascertaining whether the stars composing the 
Milky Way were unfathomable, or were bounded 
and circumscribed by definite limits. 

Sweeping a circle round the heavens which cut 
this grand stratum of stars in a direction nearly 
perpendicular to its circumference, he directed his 
great telescope to a certain numbcor of points along 
this circle, and as he moved slowly onward, 
counted all the stars visible in each field of view. 
It was fair to conclude, that wherever there were 
most stars to be seen, there was the stratum 
deepest. Having gone entirely around the hes^ 
vens, along the circumference of his circle, be had 
sounded the depth of the stars along a section of 
the Milky Way, and to obtain the figure of the 
section thus cut out was not a difiicult matter. 

He assumed a central point on pap^ to repre- 
sent his point of observation. He then drew ffom 
this point lines radiating, and in the actual direc- 
tions which he had given to his telescope while 
engaged in his explorations. On each of these 
indennite lines he laid off a distance proportioned 
to the number of stars counted in the field of view 
in the direction which 1^ line represented, and 
by joining these points thus determined, he formed 
a figure which represented the relative depths to 
which he had penetrated into space ; and m case 
he could be certain that he had ^one absolutely 
through the stratum in every instance, and bad 
graq)ed every star, even where the extent was 
most profound, the figure thus constructed would 
represent the form of the line cut from the outside 
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boundaiy of the Milky Way by the plane of the 
circle in which the explorations bad been made. 

Did he then actually penetrate the deepest por- 
tions, or any portion, of the Milky Way ? This 
was now his grand question, and to its decision 
he gave all his power and ingenuity. As a unit 
wherewith to measure the space-penetrating power 
of his telescopes, he assumed the power of the 
hun^an eye, and knowing that stars of the sixth 
magnitude are within the reach of the unaided 
eye, he concluded, from the law regulating the 
decrease of light, that these minute stars were 
* twelve times more distant than the nearest or 
brightest stars. Now a telescope having an aper- 
ture such as to concentrate twice as much light as 
the eye, would penetrate into space twice as &r, 
or would reach stars of the twenty-fourth order of 
distances, and so on for telescopes of all sizes. 
In this way he concluded that his great forty foot 
reflector, with a diameter of four feet, would pe- 
netrate 194 times as &r as the naked eye, or that 
it would still see a star of the first magnitude if it 
were carried backward into space 2,328 times its 
present distance ! 

Such, then, was the computed length of the 
soundiny line employed in gauging these mighty 
depths. Suppose, then, it was required to deter* 
mine whether this line actually penetrated any 
^ven region of the Milky Way. Even with a 
single telescope, a series of experiments may be 
performed wnich go very far to determine this 
great question. As the space-penetrating power 
of a telescope depends on the diameter of its aper- 
ture, it is easy to give to the same instrument 
different powers, by covering up, bjr circular 
coverings, certain portions of its object glass. 
Take circles of pasteboard, or any other suitable 
material, and in the first cut an opening one inc^i 
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in diameter, in the second an opening of two 
inches, and so on, up to the diameter of the 
object glass. These diaphragms being succes- 
sively applied to the object glass, give to the 
telescope space-penetrating powers proportioned 
to the diameter of the openings. 

In this way Herschei prepared himself to ex- 
plore one of the deepest portions of the Milky 
Way. The spot selected was a nebulous or hazy 
cloud in the sword handle of Perseus, in which, 
to the naked eye, not a solitary star was visible. 
I have many times examined the same object, 
which is certainly one of the most magnificent the 
eye ever beheld. With the lowest telescopic aid, 
many stars are rendered visible, surrounded by a 
hazy light, in which minute glimpse points are 
occasionally to be seen. As the space-penetrating 
power was increased, the bright spots of light 
were successively resolved into groups of brilliant 
stars, and more nebulous haze came up from the 
deep distance, indicating that the visual ray was 
not long enough to fathom the mighty distance. 
At last the fiiU power of his grand instrument was 
brought to bear, when a countless multitude of 
magnificent orbs burst on the sight, like so many 
sparkling diamonds on the deep blue of the 
heavens. There was no haze behind ; the tele- 
scopic ray had shot entirely through the mighty 
distance, and the clear deep heavens formed the 
back-ground of the brilliant picture. 

Thus did Herschei penetrate to the limits of the 
Milky Way, and send his almost illimitable 
sounding line fiur beyond, into the vast abyss of 
space, boundless and unfathomable. And now do 
you inquire the depth of this stupendous stratum 
of stars ! The answer may be given, since we 
have the unit of measure in the distance of stars 
of the first magnitude. Light, with its amazing 

M 
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velocity, requires ten years to come to tis from the 
nearest fixed stars, and yet Sir William Hersebel 
concluded, from the examinations ha had beeQ 
able to make, that in some places the depth of the 
Milky Way was such, that no less than 500 stars 
were arranged one behind the other in a line, each 
separated from the other by a distance equal to 
that which divides our sun from the nearest fixed 
star. — So that, for light to sweep across the 
diimieter of this vast congeries of stars, would 
require a period of a thousand years at the rate of 
12^000,000 of miles in every minute of time ! 

The countless millions of stars composing the 
Milky Way appear to be arranged in the form of 
a flat zone or ring, or rather stratum^ of irregular 
shape, which I diall explain more fuHy hereafter. 
Its extent is so great as properly to form a universe 
of itself. — If it were possible, to-night, to wing 
our flight to any one of the bright stars which 
blaze around us, sweeping away from our system, 
until planet after planet fades in the distance, and 
finally the sun itself shrinks into a mere st^, 
alighting on a strange worid that circles round & 
new and magnificent sun, which has grown and 
expanded in our sight, until it blazes with a mag- 
nincence equal to that of our own, here let us 
pause and look out upon the starry heavens which 
now surround us. 

We have passed over sixty millions of millions 
of miles. We have reached a new system of 
worlds revolving about another sun, and from this 
remote point we have a right to expect a new 
heavens, as well as a new earth on whica we stand. 
But no. — Lift up your eyes, and lo ! the old fami-^ 
Uar constellations are all there. Yonder blazes 
Orion, with its rich and gorgeous belt ; there 
comes Arcturus, and yonder the Northern Bear 
circles his ceaseless journey round the pole. All 
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is uuehanged, and the mighty distance over which 
we have passed is but the thousandth part of the 
entire diameter of this grand cluster of suns and 
systems ; and although we have swept from our 
sun to the nearest fixed star, and have travelled a 
distance which light itself cannot traverse in less 
than ten years, yet the change wrought by this 
mighty journey, in the appearance of the hea- 
vens, is no greater than would be produced in the 
relative positions of the persons composing this 
audience to a person near its centre, who should 
change his seat with his immediate neighbour ! 
,^^.1^ Such, then, is the scale on which the starry 
'^^^' heavens are built. If, in examining the magni- 
, ficent orbits of the remoter planets, and in tracing 
the interminable career of some of the far-sweep- 
ing comets we feared there might not be room for 
the accomplishment of their vast orbits, our fears 
are now at an end. There is no jostling here ; 
there is no interference, no perturbation of the 
planets of one system by the suns of another. 
Each is isolated and independent, filling the region 
' of space assigned, and within its own limits, 

holdmg on its appointed .movements. 

Thus far we have spoken only of the Milky 
Way. In case it be possible to pierce its bound- 
aries, and pass^ through into the regions of 
space which lie beyond, the inquiry arises, what 
meets the vision there ? What lies beyond these 
mighty limits ? Does creation cease with this one 
great cluster, and is all blank beyond its bound- 
ary ? 

Here again the telescope has given us an 
answer. When we shall have travelled outward 
from our own sun, and passed in a straight line 
from star to star, until we shall have left behind 
us in grand perspective a series of five hundred 
suns, we then stand on the confines of our own 
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great cluster of stars. All behind blazes with the 
light of countless orbs, scattered in wild magni- 
ficence, while all before us is deep, impenetrable, 
unbroken darkness. No glance of human vision 
can pierce the dark profound. 
^ But summoning the telescope to our aid, let us 
pursue our journey through space ; far in die dis- 
tance we are just able to discover a faint haze of 
light — ^a minute luminous cloud which comes up 
to meet us — and towards this object we will urge 
our flight. We leave the shining millions of our 
own great cluster far behind. Its stars are shrink- 
ing and fading; its dimensions are contracting. 
It once filled the whole heavens, and now its 
myriads of blazing orbs could almost be grasped 
with the hand. Sut now look forward. — A new 
universe, of astonishing grandeur, bursts on the 
sight. The cloud of light has swelled and 
expanded, and its millions of suns now fill the 
whole heavens. 

We have reached the clustering of ten millions 
of stars. Look to the right ; there is no limit ; — 
look to the left ; there is no end. Above, below, 
sun rises upon sun, and system on system, in end- 
less and immeasurable perspective. Here is a 
new universe, as magnificent, as glorious as our 
own, — ^a new Milky Way, whose va^fc diameter 
the flashing light would not cross in a thousand 
years. Nor is this a solitary object. . "Go out on 
a clear cold winter *night, and reckon the stars 
which strew the heavens, and count their number, 
and for every single orb thus viyible to the naked 
eye the telescope reveals a universe^ far sunk in 
the depths of space, and scatter with vast profusion 
over the entire surface of the heavens. 

Some of these blaze with countless stars, while 
others occupying the confines of visible space, but 
dimly stain the blue of the sky, just perceptible 
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with the most powerftil means that man can 
-summon to the aid of his vision. These objects 
are called clusters and nebulae — clusters when near 
enough to permit their individual stars to be shown 
by the telescope, nebulae when the mingled light 
of all their suns and sTstems can only be seen as a 
hazy cloud. 

Thus have we risen in the orders of creation. 
We. commenced with a planet and its satelites ; 
we rose to the sun and its revolving planets, a 
magnificent system of orbs, all united into one 
great family, and governed by the same great law ; 
and we now find millions of these suns clustered 
and associated together in the formation of dis- 
tinct universes, whose number, already revealed 
to the eye of man, is not to be counted by scores 
or hundreds, but has risen to thousands, while 
every increase of telescopic power is adding by 
hundreds to their catalogue. 

Let us now explain these " island ui\iverses,'' as 
the Germans have aptly termed them, and attempt 
approximately to circumscribe their limits,- and 
measure their distances from us, and from each 
other. Sir William Herschel, to whom we are 
indebted for this department of astronomy, con- 
ceived a plan by wnich it was possible approxi- 
mately to sound the depths of space, and deter- 
mine, within certain limits, the distance and 
magnitudes of the clusters and nebulae within the 
reach of his telescopes. To convey some idea of 
his method of conducting these most wonderful 
researches, imagine a level plane, of indefinite ex- 
tent, and along a straight line, separated by inter- 
vals of one mile each, let posts be placed, bearing 
boards on which certain words are printed in let- 
ters of the same size. The words printed on the 
nearest board, we Mrill suppose, can just be read 
with the naked eye. To read those on the second, 
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telescopic aid is required, and that power which 
suffices to enable the letters to be distinctly seen^ 
is exactly double that of the unaided eye. The 
telescope revealing the letters at the distance of 
three miles is threefold more powerful than the 
eye, and so of all the others. In this way we 
can provide ourselves with instruments whose 
space-penetrating power, compared with that of 
tne eye, can be readily obtained. 

Now to apply these principles to the scmndii^ 
of the heavens. The eye, without assistance, 
would follow and still perceive the bright i^ur 
Sirius, if removed back to twelve times its present 
distance. After this, as it recedes, it must be 
followed by the telescope. Suppose, then, a nebida 
is discovered with a telescope of low power, and it 
is required to determine its character and distance^ 
The astronomer applies one power idler another^ 
until he finally employs a telescope of sufficient 
reach to reveal the separate stars of which the ob- 
ject is composed, which shows it to be a cluster ; 
and since the space-penetrating power of this in« 
strument is known, relative to that of the human 
eve, in case the power is one hundred timeB greater 
tnan that of the eye, then would the cluster be 
located in space one hundred times farther than 
the eye can reach, or twelve hundred times more 
remote than Sirius, or at such a distance that its 
light would only reach our earth after a journey 
of 120,000 years. 

Such was Herschers method of locating these 
objects in space. Some are so remote as to be &r 
beyond the reach of the most powerfiil instruments, 
and no telescopic aid can show them other than 
nebulous clouds of greater or less extent. It was 
while pursuing these grand investigations tlmt 
Herschel was led to the conclusion, that among 
the nebulae which were visible in the heavens, 
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there w&^ some composed of chaotic matter, a 
hussy, luminous fluid, like that occasionally thrown 
out from comets on their approach to the sun. 

AmcHig these chaotic masses he discovered 
some in which the evidences of condensation ap- 
peared manifest, white in others he found a 
circular disc of light, with a bright nucleus in the 
centre. Proceeding yet farther, he foimd well 
formed stars surrounded by a misty halo, which 
presented all the charact^stics of what he now 
conceived to be nebulous fluid. Some of the un- 
formed nebulse were of enormous extent, and 
among those partially condensed, such as the 
nebute with planetary discs, many were found so 
vast that their magnitude would fill the space oc- 
cupied by the sun and all its planets, forming a 
sphere with a diameter of more than 6000 mil- 
hons of miles* Uniting these and many other 
facts, the great astronomer was finally brought to 
believe, that worlds and systems of worlds might 
yet be in the process of formation, by the gradual 
condensation of this nebulous fluid, and that from 
this chaotic matter originally came the sun and all 
the fixed stars wliich crowd the heavens. This 
theory, extended, but not modified, in the hands 
of Laplace, is inade to account for nearly all the 
phenomena of the solar system, and has been 
already referred to in a former lecture. 

For a lonff time, this bold and sublime specula- 
tion was looked upon, even by the wisest philoso- 
phers, with remarkable favour. The resolution of 
one or two nebulae, (so classed by Herschel,) with 
the fifty-two feet reflector of Lord Bosse, has in- 
duced some persons to abandon the theory, and to 
attempt to prove its utter impossibility. AH that 
I have to say, is, that Herschel only adopted the 
theory after he had resolved many hundreds of 
nebulae into stars ; and if there ever existed a 
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reason for accepting the truth of this remarkable 
speculation, that reason has been scarcely in any 
degree affected by recent discoveries. 

I have examined a large number of the mystm- 
ous objects, floating on the deep ocean of space 
like the faintest filmy clouds of bght. No power, 
however great, of the telescope, can accomplish 
the slightest change in their appearance. So 
distant that their light employs (in case they be 
clusters) hundreds of thousands of years in reaoh« 
ing the eye that gazes upon them, and so extensive, 
even when viewed from such a distance, as to fill 
the entire field of view of the telescope many 
times. Sirius, the brightest, and probably the 
largest of all the fixed stars, with a diameter of 
more than a million of miles, and a distance of 
only a single unit, compared with the tens of thou- 
sands which divide us from some of the nebulae ; 
and yet this vast globe, at this comparatively short 
distance, is an inappreciable point in the field of 
the telescope. What, then, must be the dimen- 
sions of those objects, which, at so vast a distance, 
fill the entire field of view even many times 
repeated ? 

Uerschel computes that the power of his great 
reflector would follow one of the large clusters if 
it were plunged so deep in space that its light 
would require 350,000 years to reach us, and the 
great telescope of Lord Aosse would pursue the 
same object probably to ten times this enormous 
distance. 

Such examinations absolutely overwhelm the 
mind, and the wild dream of the German poet 
becomes a sort of dreadful sublime reality : — 

^^ Grod called up from dreams a man into the 
vestibule of Heaven, saying, — ' Come thou hither, 
and see the glory of my house.'* And to the ser- 
vants that stood around his throne he said, ^ Take 
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him, and undress Lim from his robes of flesh : 
cleanse his vision, and put a new breath into his 
nostrils : only touch not with any change his hu- 
man heart — the heart that weeps and trembles/ 
It was done, and with a mighty angel for his 
guide, the man stood ready for his infinite voyage ; 
and from the terraces of heaven, without sound or 
farewell, at once they wheeled away into endless 
space. Sometimes with the solemn flight of angel 
wing they fled through Zaarrahs of darkness, 
through wildernesses of death, that divided the 
worlds of life; sometimes they swept over fron- 
tiers that were quickening under prophetic motions 
from God. Then, from a distance that is counted 
only in heaven, light dawned for a time through 
a sleepy film ; by unutterable pace the light swept 
to them^ they by unutterable pace to the light. In 
a moment the rushing of planets was upon them. 
In a moment the blazmg of suns was around them. 
" Then came eternities of twilight, that revealed, 
but were not revealed. On the right hand and on 
the left towered mighty constellations, that by 
self-repetitions and answers from afar, that by 
counter-positions, built up triumphal gates, whose 
architraves, whose archways, — ^horizontal, upright 
— ^rested, rose — ^at altitude by spans — that seemed 
ghosty from infinitude, ^'ithout measure were 
the architraves, past number were the archways, 
beyond memory the gates. Within were stairs 
that scaled the eternities below ; above was below 
« — ^below was above, to the man stripped of gravi- 
tating body : depth was swallow^ up in height 
insurmountable, height was swallowed up in depth 
unfathomable. Suddenly, as thus they rode from 
infinite to infinite, suddenly, as thus they tilted 
over abyssmal worlds, a mighty cry arose — ^that 
systems more mysterious, that worlds more billowy, 
M 2 
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^^other heights and other depths, — ^were coining, 
were nearing, were at hand. 

^^ Then the man sighed, and stopped, shuddered, 
and wept. His overladened heart uttered itself in 
tears ; and he said — ^ Angel, I will go no &Hher. 
For the spirit of man adieth with this infinitj. 
Insufferable is the ^lory of Oroi. Let me lie down 
in the grave and hide me from the persecution of 
the infinite ; for end, I see, there is none.'* And 
irom all the listening stars that shone around issued 
a choral voice, ' The man speaks truly:; end there 
is none, that ever yet we heard of." '£^4 is ihere 
none f the angel solemnly demandeo^^i^ Js there 
indeed no end i — and is this the sorroKdiat kUls 
youf But no voice answered, that he .might 
answer himself. Then the angel tiirew up nis 
glorious hands to the heaven of heavens, saying, 
^ End is there none to the universe of God. Lo ! 
also there is no beginning.'' ^' 
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CHAPTER X. 

THfl MOTIONS AND ESTOLITTIONS OF THE FE^ED STABS. 

Having reached, in the course of the preceding 
lecture, to the outermost confines of the visible 
creation, let us now return home from this survey 
of the " island universes" which crowd the illimi- 
table regions of space, to the stars, which compose 
our own cluster, and learn how far the human 
mind has progressed in its examination of the mil- 
lions of suns which constitute, in a more definite 
sense, our own Milky Way. 

We have already seen that the parallax of 61 
Gygni rewarded the laborious and extraordinary 
efforts of Bessel. The example set by this sreat 
astronomer encouraged those who followed him, 
imd while his results in this particular case have 
been confirmed in the most astonishing manner, 
the distances of many other stars have been ob- 
tained, until a sufficient amount of data has been 
accumulated to determine the approximate distcmces 
of the spheres of the fixed stars of different magni- 
tudes. Strove estimates the mean distance of stars 
of the first magnitude to be 986,000 times the 
radius of the earai's orbit, or so remote that their 
light reaches us only after a journey of fifteen 
years and a half. Stars of the second magnitude 
send us their li^ht in twenty-eisht years, &ose of 
the third magnitude in forty-three years ; while 
the light from stars of the ninth magnitude only 
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reaches the eye of the observer after traversing 
space for five hundred and eighty-six years, at the 
rate of twelve millions of miles in every minute of 
time. 

My range of investigations does not permit me 
to explain, at this time, how these extraordinary 
conclusions have been reached. The reasoning, 
however, is close and clear, and the results are no 
doubt approximately correct. 

Such, then, are the distances separating man 
from the objects of his research. To have attained 
to a knowledge of these distances even, is suffi- 
ciently wonderful, but what we are about to reveal 
as the results of human investigation among these 
far distant orbs, cannot fail to fill the mind with 
astonishment, and demonstrate the great truth that 
*'*' man has been made but a little lower than the 
angels." 

Before it became possible to examine with abso- 
lute certainty the places of the stars, with a view 
to ascertain their absolute fixity, many difficult 

freliminary preparations had to be accomplished, 
nstrumeuts of the most perfect kind must be pro- 
vided, not only in their optical performances, but 
in their space-dividing machinery. Moreover, the 
places or the stars, as determined by the best 
telescopes, must be corrected for every possible in- 
strumental error. The two points to which the 
stars are referred are the north pole and the vernal 
equinox. In case any motions belong to these 
points, their amounts and directions must be asoer-. 
tained and allowed for. Then the effects of refrac- 
tion, and of the abberration of light, were indis- 
pensable to a perfect investigation of the absolute 
places of the stars. 

All these and many other preliminary matters 
havingbeen satisfactory determmed, it became possi- 
ble toexamine, in the mostcriticalmanner, the places 
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of the stars, to learn whether indeed, (as had been 
supposed for thousands of years), their configura- 
tions were eternal and unchangeable, or whether 
they moved among themselves with a motion 
rendered so slow by their immense distance, as 
hitherto to have escaped the most scrutinizing 
watch. 

Fully armed with the necessary instruments, it 
did not require many years to determine the grand 
truth, that among the tens of thousands of stars 
which fill the heavens, not a solitary one, in all 
probability, is in a state of absolute rest. Many 
were found to move so swiftly, that their velocity 
was determined even in a single year ; while others, 
in consequence of their enormous distance, may 
require centuries to detect any appreciable change. 
In the outset these extraordmary movements 
seemed to be directed bv no law — some stars were 
sweeping in one direction, and some in another. 
Motion, ceaseless, eternal motion, seems to be 
stamped on the entire universe, and while the stars 
are pursuing their mighty orbits, we cannot resist 
the idea that our own sun, the centre of our great 
planetary system, itself a star, must participate in 
the general movement, and is, in all probability, 
urging its flight, accompanied by all its planets, 
satellites, and comets, to some unknown region of 
space. 

The revolution of the stars, the organization of 
the grand cluster with which our sun is associated, 
the demonstration of the sun^s absolute translation 
through space, its direction, velocity, and period, 
are the topics to which I invite your attention in 
the closing lecture of the present course. 

When forced to acknowledge the rotation of 
our globe on its axis, and its swift orbitual motion, 
surrounded by wheeling planets and flying comets, 
the mind naturally retreats to the sun as the great 
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immoveable centre, where it can rest and contem- 
plate these circling worlds. But eren here, as 
we shall presently see, there is no rest. The sun 
himself becomes a subordinate member of a 
grander combination of worlds, and, obedient to 
higher influence, sweeps around in its unmeasured 
orbit. 

We shall present a rapid summary of the 
evidences of cnange among the fixed stars, and 
then proceed to develop the reasoning by which 
the direction and velocity of the sun^s motion in 
space has been determined. 

More than two thousand years ago, the celeteit' 
ed Greek astronomer, Hipparchus, was astonidisd 
by the sudden bursting forth of a brilliant fstxr in 
a region of the heavens where none had previously 
existed. Up to this time, no doubt of tlie 
immu^bility of the starry sphere seems to have 
been entertained, and while tne philosopher gazed 
and wondered, he resolved to execute a work from 
which posterity might learn the changes of tl» 
celestial sphere. He undertook and completed 
his great catalogue of the places of a thousand 
stars, locating tiiem with sdl the accuracy p^v 
mitted by the rude instruments then in use. 
Subsequent observers, by comparing their own 
determined positions of the stars with their places 
as fixed on the catalogue of Hipparchus, cmld 
readily perceive any sensible change which might 
occur in their configuration, the appearance of new 
stars, or the disappearance of those which had 
once existed. ' 

The sudden breaking forth of a new star is a 
phenomenon of such wonderM character that we 
might well doubt the possibility of its occurrOTce, 
if we were obliged to rely on the historical account 
transmitted to us from the time of Hippartdius. 
But, fortunately, nuMre than one brilliant example 
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of the kind has occurred in modem times, pre- 
senting the most unequivocal evidence of the 
reality of this inexplicable wonder. 

1572, a new star of great splendour appeared 
suddenly in the constellation oi Cassiopeia, occu- 
pying a position which had previously been blank. 
3?^his star was first perceived by Schuler, of Wit- 
tembursh, on the 6th of August. It was detected 
by Tycho, the Danish astronomer, on the 11th of 
the following November, and the wonder produced 
h^ this most extraordinary phenomenon induced 
him to give to the star the most unremitting 
attention. Its magnitude increased until it is said 
to have surpassed even Jupiter in splendour, and 
finally became visible in the day time. It retained 
its greatest magnitude but for a short time, when 
it commenced to diminish in brilliancy, changing 
from white to yellow, then to reddish, and finally 
it became faintly blue; and, so diminishing by 
degrees, it vanished from the sight in March 1574, 
and has never since been seen. 

In the year 1604, while the scholars of Keplw 
were engaged in observations of Mars, Jupitw, 
and Saturn, then in close proximity to each other, 
having been interrupted a day or two by clouds, 
on the return of nne weather, Maestlin vras 
astonished to find near the planets then in the 
constellation Ophiuchus, a brilliant star, which 
certainly had not been there a few days before. 
This object attracted the attention of all the great 
astronomers then living, uid was particidarly ob- 
served by Gkklileo and Kepler. It is said to have 
attained a splendour equal to that of the planet 
Venus, ana frt>m this, its greatest brilliancy, it 
gradually declined, until, about the beginning of 
1606, it ceased to be visible, and no telesco[Hc 
power has since been able to detect any star in the 
place once occi^ied by this remarkable stranger. 
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Although observed with the greatest care, no 
sensible parallax was ever detected in either of 
these objects, and no doubt exists as to their oceu- 

Eying the region of the fixed stars. Many other 
)ss remarkable examples are on record, but up to 
the pi^esent no satis&ctory explanation of this aston- 
ishing phenomenon has been given. Whether it 
indicates the actual destruction of some magnificent 
system, or the revolution of these stars in orbits 
of great eccentricity, causing them to appear to ua, 
like the comets, only in the perihelion points of 
their mighty orbits, is equally uncertain. One 
thing is certain : they present evidence of change 
in the starry heavens, of the most startling and 
irresistible kind. 

While new stars have occasionally made their 
appearance, to astonish mankind with their bril- 
liancy, there are many well-authenticated cases of 
the entire disappearance of old stars, whose places 
had been fixed with a degree of certainty not to be 
doubted. — In October, 1781, Sir William Her- 
schel observed a star. No. 55 in Flamsted'^s catar 
logue, in the constellation Hercules. In 1790, 
the same star was observed by the same astrono- 
mer, but since that time no search has been able 
to detect it. The star is gone ; whether never to 
return, it is impossible to say. A like disappear- 
ance has occurred with reference to the stars niun- 
bered 80 and 81, both of the fourth magnitude, in 
the same constellation. In May 1828, Sir John 
Herschel missed the star numbered 42 in the con- 
stellation Virgo, which has never since been seen. 
—Examples might be multiplied, but it is un- 
necessary. 

In these cases the stars have been lost entirely ; 

— ^no return has ever been marked ; and but for 

• the discovery of another class of remarkable objects 

among the stars, no return would probably ever 
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have been suspected. If I could direct your atten- 
tion to-night to a brilliant star named Al^ol, in 
the head of Medusa, and bring a powerful tele- 
scope to aid in your examinations, this star, while 
you are watching it, might be seen to lose its 
splendour, and from its rank of the second mag- 
nitude to decline in brightness to the naked eye. 
Having reached a certain limit, it would com- 
mence an increase, and by slow degrees resume 
its original splendour. This decrease and increase 
is actually accomplished in about eight hours. 
Having regained its usual light, it remains sta- 
tionary for about two days and a half, and then 
repeats the changes already detailed; and thus 
have its periodical fluctuations continued since the 
date of its discovery, with the most astonishing 
regularity. The bright star marked Beta, in the 
constellation Lyra, is known to pass from the 
third to the fifth magnitude, and to regain its light 
in a period of six days and nine hours. These are 
called periodical stars, and a sufficient number 
have already been detected to present a progres- 
sively increasing scries of periods from two days 
twenty-four hours up to four hundred and ninety- 
four days, and in one case even many years. 

Here, again, are phenomena indicative of ex- 
traordinary activity m these remote regions of 
space. No explanation of these changes has yet 
been given in all respects satisfactory. Some 
have attributed them to the existence of dark spots 
on the stars, which, by rotation on an axis, peri- 
odically present themselves, and thus dim the 
lustre of the stars. Others think the changes are 
due to the revolution of large planets about the 
stars, which, by coming between the eye and the 
star, eclipse a portion of its light ; while a third 
class conceive the fluctuations to arise, in some 
instances at least, from an orbitual motion of the 
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stars in orbits of exoeesive elongatMHi, and so 
located as to have their greater axis directed to- 
wards our system. 

It will be seen that this theory may be readily 
extended so as to embrace the new stars already- 
referred to, and even to account for lliose "V^eh 
have been lost from their places in the heavens. 
Here, however, we enter the confines of the un- 
certain. Centuries may roll away before the true 
explanation of these astonishing changes shall be 
given ; but the mind is on the track, and with a 
steady and resistless movement is slowly pushing 
its investigations deeper and still deeper mto the 
dark unknown. 

While the phenomena of the new and lost stars, 
and the fluctuations in the light of the variaUe 
ones, gave undeniable evidence of constant change 
in wl^t Aristotle was pleased to call the eternal 
and incorruptible heavens. Herschel's brilliaiit 
discovery of the orbitual motion of the double 
stars gave to the mind the opportunity of deter- 
mining the nature of the law which swb,jb the 
movements in these distant regions of space. It 
was natural, in the first ^orts to compute the 
orbits of the double st2u*s, to adopt the hypothesis 
that they attracted each other by the same law 
which prevails in the planetary system. Eesults 
did not disappoint expectation. Gravitation, 
which Newton, in the outset of his great discovery, 
had boldly affirmed exerted its influence wherever 
matter existed or motion reigned, was extended, 
in the most absolute manner, to the region of the 
fixed stars. There, at a distance from our own 
system almost inconceivable, suns and systems of 
suns, rising in orders of greater complexity, re- 
volving with swift velocity, or with slow and 
majestic motion, bore testimony, ample and un- 
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equivocal, to the truth of the great law of universal 
gravitation. 

Every particle of matter in the universe attracts 
every other particle of matter with a force which 
is proportioned directly to the mass, and which 
decreases as the square of the distance at which it 
operates increases. This is no longer a bold hy* 
pothesis. The double star mark^ Zeta, in the 
constellation Hercules, has been subjected to the 
analysis of the computer. The elements of its 
orbit have been obtained, and true to its predicted 
period, it has actually performed an entire revolu- 
tion in a period of thirty-five years. The com- 
ponents of the star Eta, in the Northern Crown, 
revolve around their common centre in about forty* 
four years. Both of these j)airs have completed 
an entire revolution since their discovery. Many 
others might be named, but my only object, at 
present, is to exhibit the evidence which shall re- 
move all doubt as to the actual extension of the 
law of gravitation to fixed stars. 

Let it be remembered that this department of 
astronomy is yet in its infancy. Thousands of 
double stars have been detected, and every year 
adds hundreds to the list. Among these, a large 
proportion must prove to be binary systems, vary- 
mg in their periods of revolution, from thirty years 
or less, up to many thousands, perhaps millions of 
years. 

The association of two suns naturally suggests 
the possible union of a greater number, forming 
more complicated systems. This idea has been 
verified — ^a large nurtiber of triple systems has been 
discovered. In few instances quadruple sets have 
been found, of which a remarkable example exists 
in the constellation of the Harp. Here was found 
finir suns, arranged in pairs of two. The compo* 
nents of the first pair revolve around each other 
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in about one thousand years ; those of the second 
pair appear to require about double that period, 
while one pair revolves about the other in a period 
which, determined roughly from their distance, 
cannot &11 much below a million of years ! The 
evidence of the physical union of these four stars 
into one grand system rests, at present, on the as- 
certained fact that their proper motions are the 
same. 

From quadruple systems we rise, by analogy, 
still higher, until we find hundreds, sometimes 
thousands, of stars compacted together in so small 
a compass that their proximity cannot be the effect 
of accident. Look at the beautiful little cluster 
called the Pleiades ; an ordinary eye may here see 
six or seven stars. One of very creat power has 
been known to count fourteen in this group, while 
the telescope increases the number to hundreds ; 
and yet the space in which they are located might 
easily be covered by the moon. 

Suppose an indifferent scattering of the stars 
througn space, and compute the chances that such 
number would fall together at any one point, and 
we shall find not one chance out of millions in 
favour of such an accident. We are therefore 
forced to the conclusion that here is a more mag- 
nificent order, one in which hundreds of suns, sur- 
rounded by their subordinate worlds, are all united 
by gravitation into one grand system. This is not 
a solitary example.— Many of these beautiful ob- 
jects, comparatively close to our sun, are found in 
the heavens, leading the mind gradually up to the 
contemplation and examination of that mighty 
system of systems, that great cluster of clusters, 
the Milky Way, of which all these are but sub- 
ordinate groupings, — vast in themselves, but 
when compared with the whole, mere units among 
the million of which it is composed. 
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From what wehaveseen,it is impossible to avoid 
the conclusion that gravitation exerts its power 
among the myriads of shining orbs which strew the 
Milky Way. The innumerable suns which form 
this stupendous cluster must feel the reciprocal 
influence of each other, and nothing short of the 
centrifugal force arising from orbitual motion can 
balance this universal attractive power, and give 
to this grand system the great characteristic of 
stability. 

Herschel succeeded, at least approximately, in 
sounding the profiindities of the Milky way, and 
fixed the relative position of our own sun, among 
the stars by which it is surrounded. He found it 
to be located not very distant from the centre of 
the great stratum, and near the line where the 
principal current of stars divides into two great 
streams, which for a time separate from each 
other, but finally reunite in a distant part of the 
heavens. 

Having accomplished thus much, this great 
astronomer attempted the resolution of the grand 

5roblem of the sun'^s movement through space, 
'his investigation is so lofty, so daring and utterly 
incomprehensible at the first glance, tnat its mere 
announcement produces little effect on the mind. 
Consider, for one moment, what it involves. Man 
is located on a planet almost infinitely larger than 
himself. This planet is swiftly revolving on its 
axis, and in its orbit, round a great central lumi- 
nary, the sun. The daring philosopher partici- 
pates in all these motions. He provides himself 
with instruments which measure the distances and 
positions of the almost infinitely distant fixed 
stars. These fixed stars, when subjected to his 
critical examination, ceased to be fixed, and are 
found to be moving with astonishing velocity 
in all directions. Among these he numbers his 



278 STEUCTURE OF THE UNIVEE8E. 

own sun, and althou^ borne along in the progres- 
sive motion of his own great centre, he ventures, 
to attempt the determination of the fact of its actual 
motion, the direction in which it moves, and the 
velocity with which it is sweeping through space. 

This problem is so wonderful that I beg your 
earnest attention while the effort is made to 
simplify the reasoning by which its resolution has 
been accomplished. 

Before the actual motions of the earth were dis- 
covered, the sun, moon, mid planets, as well as the 
stars, appeared to move in certain directions, and 
with certain velocities, not easily explained. The 
rotation of the earth on its axis rendered a clear 
explanation of the diurnal movements of the 
heavenly bodies, and its (nrbitual motion around the 
sun explained the sun^s apparant annual movement 
among the fixed stars. — Thus it is seen and readily 
apprehended, that in case the spectator is progress- 
ing, his actual mdtion may be transferred to distant 
bodies under examinati<Hi, and these may appear to 
move while he seems to be at rest. 

Now in case the sun is sweeping towards any 
quarter of the heavens, it must carry with it all its 
planets, satellites, and comets. The earth is borne 
along in common with its companions, and the 
observer on its surface will transfer his own move- 
ment through space to the distant objects which 
only appear to change their places, in consequence 
of his own translation through space. Thus the 
distant stars may be effected with a parallactic 
change, not to be confounded with that produced 
by the revolution of the earth in its orbit, but oc- 
casioned by the fact that while the earth revolves 
around the sun, she is carried forward by this 
luminary in his journey through space. As the 
whole system participates in this motion, in case the 
planets are inhabited, their astronomers will detect 
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in the fixed stars the parallactic motion due to the 
sun's movement, and nence this change among the 
stars may be properly termed their systematic 
parallax. 

Herschel commenced his examination of this 
great problem by forming a catalogue of stars 
situated in all parts of the heavens, in which an 
ap{»reciable amount of proper motion had been 
detected and measured. Now in case this apparent 
motion of the stars could be attributed to the 
movement of the solar system through space, a 
dose scrutiny of the directions in which the stars 
appeared to move would indicate the direction in 
which the observer, carried along with the sun, 
was passing through space. 

In case a person is travelling on a railway, in a 
direct line through a forest of trees, as he advances, 
all objects towards which he is moving will appear 
to open out or separate from each other, while 
those left behind will appear to close up. If, then, 
the astronomer, borne along by the movement of 
the sun through the vast^br^^ of stars by which he 
is surrounded, desires to ascertain the direction in 
which he is progressing, let him search the heavens 
until he finds a point where the stars seem to be 
increa^ng their distance from each other. Should 
be find such a point, let him confirm his suspicions 
by looking in the direction precisely opposite and 
behind him, and in case he finds the stars located 
in this region closing up on each other, he may 
fairly conclude that Ee has found the direction in 
which he is moving, and a rigid coincidence of all 
the phenomena would demonstrate the accuracy of 
bis conclusions. 

Such was the general train of investigation 
adopted by Herschel. After as extended an ex- 
amination as the data with which he was then 
Airnished permitted, he announced his belief that a 
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part of the proper motion of the fixed stars most be 
attributed to toe effect of systematic purallax, and 
that the solar system was moving tnrough space 
towards a point in the constellation Hercules. 

The announcement of this astonishing result 
was received with hesitation and doubt by the best 
living astronomers, and Herschel died before any 
confirmation of his great theory had been obtained. 
After his death, for nearly half a century, no mind 
seemed willing to renew the investigation. The 
theory fell into disrepute, and was only regarded 
as a bold and sublime speculation, but not founded 
on anjr well determined observations. 

Within a few years, the problem has engaged 
the attention of the distinguished astronomers of 
Russia. Argelander, of Bonn, led the way, and 
by a train of reasoninc: based upon extensive and 
accurate observations, has sustained and demon- 
strated, in the most undeniable manner, not only 
the general truth of HerschePs theory, but has 
even confirmed the direction in which that astro- 
nomer believed the solar system to be moving. 

Here again permit me to attempt a popular ex- 
planation of Argelander's reasoning. Suppose a 
single star to have its place fixed absolutely by 
observation on the first day of the year 1 700. One 
hundred years after, its place is again determined, 
when it is found to have shifted it position. Con- 
ceive the star to have so moved as to reach the 
meridian earlier than it formerly did. When on 
the meridian, its old place will be behind or east 
of the new place, and a line joining the old and 
new places will show the direction in which the 
star nas been moving, and the distance between 
the two places will exhibit the amount of motion 
in one hundred years. If the star do not move 
exactly north or south, its line of direction will 
form an angle with the meridian, whose value is 



aEVOLITTTO^S OF THE FIXED 8TAKS. 281 

detennined from a ^ompanson of the old and new 
piaows of iliestar. 

Argelander commenced by«ielecting five him- 
dred stars, ia all regions of tbe beavens, wfaose 
plaees had been wdl determined by preceding 
astronomers. The prrference was of coarse given 
to l^se whi(^ bad been longest subjected to ob- 
aervatkm. Having himself determined tbe new 
places of these stars, a oomparisoii of his own with 
previoaBly observed positions, determined the direc- 
tion in which these stars were movmg, and their 
rates of motion. The angles Ibrmed by the lines 
alon^ which each star was progressing, with the 
meridian, became known. from d)6ervatio», and 
these angles we shiUl call the obserwd angles of 
^HrecHon. Now it is not diffionlt to compute the 
direotions in wiiich the stars would appear to move, 
if their motion be produced by the movement of 
iJie sc^r system. 

Suppose, for example, that the sun, with its 
fdanets, is sweeping esMsAj towards the north 
pole of the heavens, then would all the stars ^ 
pear to move towards the south. Those in the 
equator would move with the swiftest velocity 
from the north pole, but those nearest the pole 
would appear to separate from each other, wnile 
their recess from the pole would be comparatively 
slight. To render this reasoning still plainer, 
imagine this room to be pierced on every side, so 
that an ey« placed at the centre could see every star 
in the heavens through tbe openings. Through 
each of these holes conceive iron rods to pass, 
all meeting at a point in the centre, and all 
directed exactly to the stars. On the outside let 
golden balls be fixed to the extremities of these 
rods, to represent tbe stars. Now, grasping the 
extremities of all these rods in the band, urge the 
point where they all unite towards the north pole, 
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and watch the moyement of the balls at the ovA/er 
extremities of the rods. The ball corresponding 
to the'north star will scarcely seem to move, be- 
cause the eye travels directly towards it. The 
balls corresponding to the stars on the equator, 
having their rods perpendicular to the direction 
of the motion of the central point, will sweep 
swiftl;^ towards the south.' The idea once gained, 
there is no difficulty in its application. 

The visual rays drawn to the stars correspond 
to the rods, and these rays, meeting in the eje of 
the observer, are carried forward by the sun m its 
progression through space. I have supposed the 
system to move due north ; but in case the mo- 
tion be assumed in any other direction, it is easy 
to compute the changes consequent. Understand- 
ing these preliminary statements, we are prepared 
to follow Argelander in his investigation. 

The five hundred stars selected for examination 
were divided into three groups, according to the 
amount of annual proper motion. The met eoDr 
tained only such stars as were seen to move with 
a velocity not less than one second of space in a 
year. Although this motion may appear exces- 
sively slow, yet its direction in one hundred years 
may be determined with very great precision. A 
general examination of the direction in which the 
stars of this first group appeared to move, indi- 
cated the quarter of the heavens towards which 
the solar system must be progressing ; and now 
commenced the investigation, having for its object 
the discovery of the exact point. To accomplish 
this, a point was assumed, and on the hypothesis 
that it was correctly chosen, the directions of the 
motion of all the stars composing the first group 
were computed, and the angles formed by their 
lines of direction with the meridian were deter- 
mined. 
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If the motion of these stars was the effect of 
systematio parallax, and if the direction of the 
sdar movement had been accnrately chosen, then 
would the con^tUed angles of direction agree ex^ 
actly, in every instance, with the obeermd angles 
of direction. The comparison of these angles 
having been made, it was easy to see the discre- 
pancies, and by shifting the assumed point, these 
differences could be r^uced to their minimum 
value. The point which gave the smallest differ- 
ence between the observed and computed angles 
would be the one towards which the solar sys- 
tem was progressing. Such was the reasoning of 
Ar^lander, and such the train of investigation 
on which he relied for the resolution of this great 
problem. 

Having closed his examinations based on the 

SDup of stars with the most rapid motion, and 
ving found the point in the heavens which cor- 
responded to their motions, he preceded to execute 
his calculations with reference to this second group. 
The stars of this group moved annually an amount 
greater than half a second of space, or less than 
one second. The result was again reached, and 
the direction of the solar motion thus derived, 
a^eed, in a remarkable manner, with that ob- 
tained from the first group. A Airther confirma- 
tion was obtained by executing the calculation 
founded on the motions of the tmrd and last group 
into which he had divided his five hundred stars. 
The final result settled, probably for ever, the 
grand &ct that the sun, with its entire cometary 
and planetary system, in sweeping through space 
towards a point whose place must fall somewnere 
within the circumference of a circle whose diameter 
is about eoual to four times that of the moon. 

The reality of the soliu* motion once determined, 
astronomers have not been wanting to verify and 
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iztend this wondeiftil eximinatioD. Aigolatid^r^s 
results have been ooDfinned hj the iayeslijpitiQBt 
of M. Otho Strave, 4^e son of the disthij|t«ui]Md 
direotor of tbe Itnpc^ Observatory of Polkova. 

Having obtained the dirootion of the sefer nM^> 
tion, we proceed to investigate its actual vvlodity. 
How swiftljr doles the sun, wiA its retinne of 
worlds, sweeb onward through space i It VfM 
not be possible to present here even an outUne of 
the reasoning of Strave in ike resolution of ^bm 
intricate question.— Two pcnnts are involved.-^ 
The determination of the annual angular rtn^km 
of die sun, as it would be seen by a spectatw 
situated at a distance equal to that of 1^ stars of 
the firat ma^itude. This being determined, the 
angular motion can readily be converted into finear 
velooity, in case the mean distance of the stars of 
the first magnitude can be satis&otmly obtained. 
After an elaborate investigation, guarded by ev^ry 
care, and q>en, as it would aroear^ to no weU*- 
founded objections, M. Otho Struve has &ia% 
resolved the first of these wonderfkl quei^itti. It 
is curions to see how nearly the results agree, 
which were Obtained fiom data entirely diff^^t, 
and in no wiy dependent on ouA other. 

By an examination based on observed right 
ascensions of the stars, he finds that the iqf»aoe 
passed over by the sun in its progressive move^ 
ment thromgh the heavens, seen mm the mean 
distance of stars of the first magnitude is iktee 
hundred and twenty^one-tbousandtiis of a seoend 
of arc. The Result obtained from observe declina- 
tions ffaite for the same quantity three hundiAd 
and fifty-seven-thousandths of one seo(»d of aope. 
Here is ^ difference amounting to only tln]^-six<- 
thousandtfas of a second, a quantity excdedinehr 
small, whto we consider the extraordinary dxm- 
(mlty of the investigation. 
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Let us now conrert these numb^s iato intelli- 

S'Ue quantitiesu In oaae the mm be supposed td 
^ Tevolviiig about some mighty o^tre, 9t a dis^ 
tanoe equal to the mean distancQ of stars of the 
first magnitude, the period necessary to accomplish 
its stupendous revolution will be 3,811,000 years ! 

Vast as this period appears, we shall see here* 
after that we haye no nght to suppose that the 
centre about which the solar system is revolving, 
can be located at a distance nearly so small as the 
mean dii^uce of ike larger stars. But what is 
the actual velocity ? How many miles does this 
niighty assemUago of flying worlds accomplish in 
its unknown joum^ in every year ! This is the 
last question^ and even this has not escaped the 
successM examinations of the hunoan mina. The 
discovery of the parallax of one or two fixed stars 
has already been relhrred to. Witihin a few months, 
an elabarate work, by Struve, on the Sidereal Hea- 
vens, has reached us, containing some remarkable 
investigati<NOs on the mean distances of the stars 
of the various msgnitudes. 

Struve, by a most ingenious and powerful train 
of investigation, obtains a series representing the 
r^tive mean distances of the stars of all magni- 
tudes, up to the most minute visible in Hersohers 
tw^ity leet reflector. From the sun^ as a centre, 
he sweeps successive conc^trie sphei^es, between 
whose surfaces he conceives the stiurs of the several 
magnitudes to be included. The nulius of the 
first sphere reaches to the nearest stars of the first 
ma^itude ; that of the second sphere extends to 
^e farthest stars of the same magnitude, and the 
mean of these two radii will be the mean distance 
of the stars of the first mi^gnitude. The same is 
true with reference to the concentric spheres 
embracing within their sur&ees the stars of the 
various orders of brightness. 
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Having, from his data, computed a table exhi- 
bitiag the relative distanoes of the stars of the 
diff^ent magnitudes, an examination of these 
figures revealed the singular fiu^ that they con- 
stituted a geometrical progression; and having 
assumed the distance or the stars of the sixth 
magnitude as the unit, the distance of the stars of 
fourth magnitude will be <me-half; that of those 
of the second magnitude will be one-^%Mrter^ and 
so of the even numbers expressing magnitncte; 
while the distance of the st»s of iheffl^ magni- 
tude is obtained by dividing unity by the square 
root of the number 2, and from this the distances 
of the odd magnitudes come by dividing constantly 
by 2. In mawematical langua^, the distances of 
the stars of the various magnitudes form a geo- 
metrical progression whose ratio is equal to unily 
divided by the square root of 2. 

Having thus obtained the reUxHte mean dis- 
tances of the stars^ in case we can find &e abso- 
lute mean distance <tf those of any one class, that 
will reveal.to us the absolute mean distances of 
the stars of every class. For the approximate 
accomplishment of this last great object, we are 
again mdebted to the astronomers of Kussia. As 
early as 1808, M. Struye, then of Dorpat, at- 
tempted the determination of the parallax <^ a 
large number of stars, and obtained results so 
small that, in the state of astronomical science as 
it then existed, no confidence could be placed in 
them. The final value of the numerical co-eflt 
cient of the aberration of light had not been then 
absolutely determined. SuMequent investigations 
by Struve and Peters have fixed this quantity, 
and the actual determination of the parallax of 
eight stars recently, has shown that confidence 
may now be placed in the resulis obtained by 
Struve nearly 25 years ago. 
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By oombining all the results, M. Peters finds 
no less than thirty-five stars whose parallaxes have 
now been determined, either absolute or relative, 
with a degree of accuracy which warrants their 
employment in investigating the problem of the 
mean parallax of stars of the second magnitude. 
Excluding from this number the stars 61 Gygni, 
and No. 1830 of the Grombridge catalogue, on 
account of their great proper motion, there re- 
mained thirty-three stars to be employed in the 
investigation. 

From a full and intricate examination of all the 
data, by a process of reasoning which I will not 
attempt to explain at this time, M. Peters finds 
the mean narallax of stars of the second magnitude 
to be equal to 116 thousandths of one second of 
arc, with a probable error less than a tenth part of 
this quantity. Returning now, with this aosolute 
result, to the table of the relative distances of the 
fixed stars of different magnitudes, it is easy to fix 
their absolute distances, as &r as confidence can 
be placed in this first ap{)roximation. We find 
the stars of the first magnitude to be located be- 
tween the surface of two spheres, whose radii are 
respectively nine hundred and eighty-six thousand 
times the radius o£ the earth's orbit, and one 
million two hundred and forty-six thousand times 
the. same unit. We will express the distance in 
terms of the velocity of light, as no number can 
convey any intelligible idea. Stais of the first 
magnitude send us their light in about seventeen 
years ; those of the second magnitude in about 
thirty years ; — stars of the third magnitude send 
their light in about forty-five years ; those of the 
forth magnitude in sixty-five years ; those of the 
fifth in ninety years ; those oi the sixth magni- 
tude, the most remote visible to the naked eye, 
send us their light after a journey through space 
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of one hundred and thirtj jean ! while the dis- 
tanoe of the lower order ci tdeeeopic aters Tieible 
in Herscfaers twenty feet mflector ie eueh^ that 
their light does not leaeh the eye for 3^541 yem 
after it starts on its tremendms journej- ! 

Let it be remembered that these rerahs are not 
coiy ectures. Though thepr are first.ajqproximations 
to the troth, thej are rehable to within the tenth 
part of their value, and are thus &r certain ; tbogr 
raise, in the most astonishing manner, oiur views ai 
the immensity of the universe, and of the powM» 
of human senius whioh have &thosned tiMse vast 
and overwnekDing prafbodities. 

Let us now return, to the examination of the 
absolute amount of progressive motion of ovr mn 
and system throu^ space. As already staied« 
M. Otho Strove detomined its yearly angidar 
moti(m, as seen from the more distant of the stan 
of the first magnitude. To convert this angular 
motion into miles, a knowledge must be dbtuned 
of the absolute mean distance of the stars of the 
magnitude. This has been acoomplislied by M. 
Peters, and combining thereseaiches of Argelander^ 
Strove, and Peters, we ave now able to pnnuNUMM 
the following wonderftil results. — The nm, attmtf^ 
edby all iUpUneU^ saieUUes^ and comets^ i$ MMqp^ 
tW thrauffh space towards aetar i» thecomtteUaHen 
nercvies^ with a velocity wiici causes U to pan 
over a distance equal to thirty-ihtue millions tkrms 
hundred and fifty thousand miles in every year I 

And now do you demand how much reliance i« 
to be placed on this bewildering announcement ? 
I answer, that as to the reality of the solar motion^ 
there is but one chance out of four hundred 
thousand that astronomers have been deceived. 
We cannot resist the evidence, and startling aa 
the troth appears, we are obliged to yidd onr 
assent, reluctant though it may £», to the logical 
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rewsomng by which thia magmficent result bM 
been demonstrated. 

But whither is onr system tending ? If moving 
imward with auoh tremendous velocity, is there 
not danger that ere long it may reach the region 
^ the &:ed stars, and by sweeping near to other 
suns Mid systems, deran^ the ord^ of the planetary 
world? Let us ei^amme this question for one 
m(»nent, on tibe hypothesis that the sim alone is 
moving all the stars of heaven, and that it will 
hold on in its present direction until it shall reach 
the star in Hercules, towards which it is now 
urging its flight* This star is of the third magni- 
tude, and according to our statement already made, 
the mean distance of its class is such, that its light 
does not reach us in a period less than forty-si2( 
years. Executing the calculation, we And that in 
ease the solar sytem should continue to progress 
towards that star, it cannot pass the enormous 
interval, ev«a at 33<5W,000 miles per annum, in 
less than 1,800,000 years ! 

If the eye of mj superior intelligence can 
behokl this amazing scene, how stupendous must 
be the spectacle presented I In the centre the 
sun, biasing with splendour, pursues its majestie 
career ; — around it roll the planets, and about it 
cluster ten thousand fi^ cconets. Worlds bright 
and beautifiil hover near the sun,-^worlds fiery 
and chaotic seek this ^eat centre with impetuous 
velocity, and then dash away into the mrthest 
range c^ their giand revolutiou. But the monarch 
moves on, and bis ma^iificent cortege, performing 
his high behests, foUow withersoev^ he leads 
through space ! 

Here we reach the boundary which divides the 

known from the unknown. Steadily we have 

pursued the human mind, as it has moved on in 

Its grand researdbes of the universe of G^od. Time, 

N 2 
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and space, and number, and distance, have all 
been set at defiance. No limits have been snfB- 
ciently great to oiroumscribejts movement. For 
aifftmSKt^tmlStav^^ ! has truly 

be^ the word. And hm I mi^ht very well pause, 
and rest content in the exhibition of the absolute 
and actual triumphs of human genius ; but as the 
rays of the rising sun penetrate the darkness of 
night, and scattering the gloom, dimly reveal the 
scenes of earth which are soon to be flooded with 
splendour, so the light of human knowledge breaks 
over the boundaries which divide the known from 
the unknown, and faintly reveals what yet lies far 
beyond in the dark profound. 

Guided by this light, we shall ask your atten- 
tion to one of the most sublime speculations to 
which the mind of man has ever risen. I re^ 
to the supposed discovery of the peat centre alxmt 
which it is presumed the myriads of stars com- 
posing our mighty Milky Way are all revolving. 

M. Maedler, the author of the recent investiga- 
tions with reference to the Central Sun, has long 
been known to the astronomical world as the 
successor of M. Strove in the direction of tte 
observatory at Dorpat. His computations of the 
orbitual movements of the double stars have given 
to him a deservedly high celebrity, and the great 
theory which he has propounded is only given to 
the world after a long and patient examination, 
extending through seven years. 

The extension of the law of gravitation to the 
fixed stars, now absolutely demonstrated in the 
revolutions of the binary systems, settles for ever 
the fact, that in the grand association of stars 
composing our cluster, or, as we shall hereafter 
call it, our oitrcd system, there must be a centre of 
gravity, as certainly as there is one to the solar 
system. In the organization of the solar system 
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we find a central body of vast size, surrounded by 
£«3all and subordinate satellites. Again, among 
the planets, we find their magnitude yery great, 
wb^i compared with the moons which circulate 
around them. Extending this analogy, early 
astronomers conceived that this principle of a great 
central pre-ponderating globe would, in all proba- 
bility, obtam in all the higher orders of physical 
organization. 

This idea, apparently so well founded, was en- 
tirely destroyed by the discovery of the binary 
stars. Here we find the next higher organization 
above our solar system, but instead of finding in 
the bodies thus united a vast preponderance in 
magnitude of one over the other, there are many 
examples in which the two suns thus united by 
gravitation are, in all respects, equal. In many 
others the difference is only slight, yet in all these 
higher systems there must exist a oonamon centre 
of gravity. 

With the mind cleared, by these views, from 
all prejudice in favour of the necessary existence 
of some stupendous central globe, as far exceeding 
in magnitude the myriads of fixed stars by which 
it is surrounded as does the sun all the satellites 
of its system, we are prepared to inquire into the 
actual existence or non-existence of such a body. 
/ Admitting its invisibility, either in consequence 
/ of its distance or non-luminous character, there 
are yet remaining the means, not only of detecting 
its existence, but of discovering its position in 
space. In case such a body exists, the stars 
located nearest to it will be most completely sub- 
jected to its influence, and will show their prox- 
imity by the swiftness of their motion. Since it 
is possible to penetrate space in every direction, in 
case the stars of any particular region were en- 
dowed with a more rapid motion than all others, 
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these ivould not fail to be di«coTered. But no 
such rapid motions have ever been deteoted, and 
benee it is now fair to conclude that such motioiui 
do not exist, and consequently no vast central 
globe can ever be found, because th^re is no tri* 
dence that such a body has any locality in spaoa. 

Tbe question resolves itself then, into a re^ 
search for the common centre of gravity of all llie 
stars composing our astral system, and the dat» 
for wiofa an examination must be foimd in tbe 
direction of the sqlar motion, and in tJtiat of the 
proper motion of tbe 6xed sbars. Difficult as this 
research undoubtedly is, Maedler's sagadty de- 
tected various guides which limited his mom 
minute examinations to a comparatively small 
portion of the heavens. Since our great astaal 
system has been shown to take the form of a la^or 
or stratum whose thickness is small compared widi 
its extent, we cannot &il to perceive that the 
centre of gravity of a mass of stars thus arnmged 
must be found somewhere witbin the limits of the 
Milky Way, when seen by an eye located not 
veiy distant from the centre. But it is seen that 
our sun does not occupy theabaolute centre oiibm 
stratum.. In case it did, then would the bright 
circle of the Milky Way divide the heavens inta 
two equal hemispheres. Since there is a mani&st 
difference between the two parts into which the 
heavens are divided^ the souilier portion will be the 
more distant from us, and in thk snaaller nart 
we must look for the central point. But^ vrom 
the soundings of both the Herschebv it is certain 
that our sun lies neajrer the southern half ^f the 
Milky Way than tbe northern* H^ice, in our 
researches for tbe centre of gravity, we may con- 
fine our examinations to the northern half of the 
smaller of the two parts in which tbe Milky Way 
divides the heavens. 
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Ooe more approximation maj be made, K we 
knew that our sun, in its presumed rerolution 
about this great centre, described a circle, and if 
we knew the plane of this circle, and the direo- 
tion in which the sun was now moving, a line 
drawn in that plane from the sun, and in a direc^ 
tion perpendicular to its line of motion, would 
pass directly through the centre about which it is 
reviving, and would point us directly to it. Now 
the direction of the sun^^s motion is alone deter- 
mined; but since the centre of gravity must be 
found somewhere in a line perpendicular to the 
direction, we must give to this perpendicular all 
possible posititm in space, which will cause it to 
cut from the celestial sphere the circumference of 
a great circle, wifchin which the centre of gravity 
must be found. These limiting considerations 
brought the distinguished astronomer to a region 
of the heavens in and about the constellation 
Taurus. 

Here the examination took a more d^nite and 
more strictly scientific form. The proper motion 
of the stars in this region could be anticipated imd 
known, at least in character and direction. The 
great centre would probably be located within the 
limits of some rich cluster. All the stars com* 
posing this cluster, as well as those within 20^ or 
30% would appear to move in the same direction. 
Those immeaiately proximate to the central sun 
or star would appear to move with the same velo- 
city due to that stiu*, and the entire group would 
sweep, apparently, through space witluHit parting 
company. 

Having, by such like considerations, narrowed 
down the limits of research, Maedler conmienoed 
his individual examinations. Among other objects 
subjected to rigid scrutiny, was the brilliant star 
Aldebaran, in the eye of the Bull. This being 
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the brightest star in this region, and being, iiK»e- 
over, in the midst of a group of smaller stars, 
seemed, in the outset, to nilfill some of the eaor 
ditions required of the central sun. But a more 
rigid examination proved conclusively that this 
star could not occupy the centre. Its own prcper 
motion fiur exceeded that of the surrounding stars, 
and demonstrated its near proximity to our own 
system, and its mere optical connection with the 
stars surrounding it. 

Thus did this great astronomer move from point 
to point, from star to star, subjecting each suc- 
cessively to the severest tests, until, finally, a 
point was found, a star was discovered, fulfilUn^,^ 
in the most remarkable manner, all the requisi- 
tions demanded by the nature of the proldem. 
All are &miliar with the beautiful little dustw, 
called the Pleiades, or seven stars. Clustered 
around the brilliant star Alcoyne, which occupies 
the centre of the group, the telescope shows four- 
teen conspicuous stars. The proper motions of 
all these have been determined with great exact- 
itude. These are all in the same direction^ and 
are all nearly equal to each other ; and, what is 
still more important, the mean of their proper 
motions differs from that of the central star, 
.V Alcyone, by only one-thousandth of a second of 

p' .N arc in right ascension, and by two-tbousuidth's 

^ of a second in declination. Here, then, is a mag- 

f^ nificent group of suns, either actually alU^ 

y together, and sweeping in ccHnpany through space, 

or else they compose a cluster so situated as to be 
affected by the same apparent motion produced by 
the sun^s progressive motion through the celestial 
regions. 

But an extension of the limits of research 
aiound Alcyone exhibits the wonderful truth, that 
out of one hundred and ten stars within 15° of this 
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centre, there are sixty moving south, or in accord- 
ance with the hypothesis tnat Alcyone is the 
centre, forty-nine exhibiting no well-defined mo- 
tion, and only one single individual which appears 
to move contrary to the computed direction ! 

It is impossible, here, to do justice to the pro- 
found and elaborate investigations of the learned 
author of this great speculation. Assuming Al- 
cyone as the grand centre of the millions of stars 
composing our astral system, and the direction of 
the sun^s motion, as determined by Argelander 
and Struve, he investigated the consequent move- 
ments of all the stars in every quarter of the 
heavens. Just where the swiftest motions should 
be found, there they actually exist, either demon- 
strating the truth of the theory, or exhibiting the 
most remarkable and incredible coincidences. We 
shall not pursue the research. After a profound ^ 
examination, Maedler reaches the conclusion that( 
Alcyone, the principal star in the group of the 
Pleiades now occupies the centre of gravity, and is 
at present the sun about which the universe of stars i 
composing owr central system are all revolving. ^ 

Here, then, we stand on the confines of the 
unknown. One mighty efibrt has thus been made 
to bring beauty and order out of the chaos of mo- 
tion which has hitherto distinguished the stars 
of heaven. Once the planets, freed from law, 
darted through space, or, relaxing their speed, 
actually tum^ back on their unknown routes. — 
Chaos reined among these flying globes until the 
mind, rismg by the efforts of its own genius, 
reached the grand centre of the planetary orbs, and 
lo ! conftision ceased, and harmony and beauty 
held their sway among these circling worlds. The 
same daring human genius which, sweeping across 
the interplanetary spaces, finally reached the con- 
trolling centre of our own great system, has now 
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1x^7 plim|ged into the depA i>f s^Nioe, has 0wept 
MTOSB the iBterstoUar spaees, and roaming fnm 
•tar to star, from sun to sun, from qrstem to ejih 
tem, looks out upon tho univ^me of stars, an4 
seeks that point from whence these millions <^ 
sweeping suns shall exhibit that grand and magni* 
ficent hiurmony which doubtless reigns throuj^mty / 
the vast empire of Jehovah.^;^ ^^Ui^i-n£ ^*^i^^' 

We are too apt to turn awajfrcnn the first ''^ 
efforts to resolve these migbtj problems. How 
were the doctrines of Newton received! How 
much regard was paid to HersebeFs grand theory 
of the solar motion! And yet how triumphantly 
have these great theories bemi established. But 
do you inquire if there be any possibility of proving 
or disproving the doctrines of Maedler ! The an-^ 
swer is simple. Should the time ever come when 
the direction of the solar motion shall be swnbiy i 
changed, in consequence of its curvilinear charoe^ ' 
ter, then will the plane in which this movement 
lies be revealed, and then the centre about which 
the revolution is performed must be naade knowHr 
at least in direction. Should the line i^^abbing 
towards this gnmd centre pass through Alcyone, 
this, added to all the other evidences, will fix for 
ever the question of its central pomtion. We 
know not when this great question may be settled, 
but judging from the triumphs which have marked 
the career of human genius hitherto, we do not 
dare to doubt of the final result. 

Admitting the truth of Maedler s theory, we are 
led to some of the most astonishing results. The 
loiown parallax of certain fixed sts^ gives to us an 
approximate value of the parallax of Alcyone, and 
reveals to us the distance of the grand centare. 
Such is the enonnous interval separating the sun 
from the central star about which it penbrms its 
mighty revcdution, that the li^t from Alcycme re- 
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quires a period o£ 537 years to traYorse the distance t 
And if we are to rdy on the smgulm* moticm of the 
sun and system, as already determined, at the end 
I of 18,300,000 years, this great luminary, with aJI 
/ its Janets, satellites, and comets, will have ^om* 
I pleted one revolution around its grand centre ! 
Look out to-night on the brilliant constellatiooa 
which crowd the heavens. Mark the configura- 
tions of these stars. Five thousand years ago the 
Chaldean shepherd gazed on the same bright 
groups. — ^Two thousand years have rolled away 
since ihe €rreek pbilosopherpronoimced the eternity 
c^ the heavens, and pointed to the ever-during con^ 
figuration of the stars as proof positive of hia aaser* 
tion. But a time will come when not a conatella* 
tion now Uazing in the bright ccHidave above us, 
sbill r^nun. Slowly, indeed, do these fingers on* 
the dial of heaven mark the progress of time. A 
thousand years may toll away with scarce a pereafH 
ikhh change ; — even a million of years may pass 
without effacing all traces of the groumugs whi<^ 
now esdst ; but that eye which shall behold the 
universe of the fixed stars when ten millions of 
years shall have silently rolled away, will search in 
vain for the constellations which now beautify and 
adorn our nocturnal heavens. Should God permit,\ 
the stars may be th^e, but no trace of their former/ 
relative positions will be found ! 

Here I must close. The intellectual power of 
man, as exhibited in his wonderful achiev^nents 
among the planetary and stellar worlds, has thus 
far been oursingle object. 1 have neither turned to 
the right hand nor to the left. Commencing with 
the first mute gaze bestowed upon the heavens, and 
with the curiosity awakened in that hour of admir* 
ation and wonder, we have attempted to follow 
rapidly the career of the human mind, through the 
long lapse oMI thousand^^rs. What a change 
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htm tfaiB period wfougfat Oo btckward in iim^ 
nation to tiie pluns of Shinar, and stand bende 
the sheidiefd astroncnner as he vainly attempts to 
grasp the mystmes of the waxing and waning 
UHMHi, and then enter the sacred preonts of yond^ 
temple devoted to the science of the stars. — Ij^ck 
over its magnificent machinery; examine its qiaee- 
annihilating instruments, and ask the sentind who 
now keeps his unbroken vigil, the nature <^ his 
investigations. 

Moon, and planet, and sun, and syst^ are left 
bdiind. HJs researches are now within a sph^e 
to whose confines the eagle glance of the Chaldean 
never reached. Periods, and distances, and masses, 
and motions, are all fiuniliar to him, and could 
«the man who gazed and pondered six thousand 
years ago stand beside the man who fills his place, 
and listen to his teachings, he would list^i with 
awe, inspired by the revelations of an angel of 
Ood. But where does the human mind now 
stand ! Great as are its achievements, pr<^oundly 
as it has penetrated the mysteries of creation, wh^tt 
has beeen done is but an indefinitesimal portion 
of what remains to be done. 

But the examinations of the past inspires the 
highest hopes for the future. The movement is 
one constantly accelerating and expanding. Look 
at what has been done during the last three hun- 
dred years, and answer me to what point will 
human genius ascend, before the same period shall 
again roll away i But in our admiration for that 
genius which has been able to reveal the mysteries 
of the universe, let us not forget the homage due to 
Him who created, and by the might of his power, 
sustains all things. At some future time, i bojie 
to be permitted to direct your attention to taiB 
branch of the subject. If there be an^hing which 
can 1^ the mind upward to the Omnipotent Buler 
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of the aniverse, and give to it an approximate 
knowledge of His incomprehensible attributes, it 
is to be round in the grandeur and beauty of His 
works. 

If vou would know his^fory, examine the inter* 
minable range of suns and systems which crowd \ 
the Milky Way. Multiply the hundred millions | 
of jstsoB which belong to our own " island universe^' / 
by the thousands of these astral systems that exist/ 
in space, within llie range of human vision, and, 
then you may form some idea of the infinitude at 
his kin^om ; for lo ! these are but a part of his^ 
ways. Examine the scale oni which the universe ^ 
is built. — Comprehend, if vou can, the vast dimen- 
sions of our sun. — Stretch outward through his 
system, from planet to planet, and circumscnoe the 
whole within the immense circumference of Nep- 
tune*s orbit. This is but a single unit out of the 
myriads of similar systems. Take the wings of 
li^t, and flash with impetuous speed, day and 
night, and month, and year, till youth shall wear 
away, and middle age is gone, and the extremest 
limit of human life has been attained; — count every 
pulse, and at each speed on your way a hundred 
thousand miles ; and when a hundred years have 
rolled by, look out, and behold ! the thronging 
millions of blazing suns are still around you, each 
separated from the other by such a distance that in l 
this journey of a century you have only left half a / 
score behind you. 

Would you gather some idea of the eternity past 
of God^s existence, go to the astronomer, and bid 
him lead you with him in one of his walks through 
space ; and as he sweeps outward from object to 
object, from universe to universe, remember that x 
/ the light from these filmy stains on the deep pure \ 
' blue of heaven, now fiiUing on your eye, has been / 
^traversing space for a million of years. Would 
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70a gather 0ome knowledge of the nmmf^imfiB of 
€kkl, wei^ the earth on which we dwell, ihrnoL 
eount the nullioni of its inhab itants that fa«ra 
come and gone foriiNP^MnfF thousand ^^rSm. 
Unite thmr strength into one arm» aad im its 
power in an effort to move this earth. It eeuld 
not stir it a single foot in a thousand years ; and 
yet, under the omnipotent hand of God, not a 
minute pastes that it does not fly for more than a 
Ihoosand miles. But this is a more atom ;***the 
most insignificant point am(»ig his iniiumerable 
worlds. At his bidaing, every planet^ aodsatefiiis, 
and comet, and the sun himself^ fly onward iu 
their appointed courses. Hb single arm guinea 
the muiions of sweeping suns, wd around His 
throne circles the great ccMistellations of unnmn- 
bered universes. ^; tx< ^ I { ^ 

Would you comprehend the idea of the 
omnUmmce of God, remember that the faigheirt \ 

Einnacle of knowledge reached by the wIkA^ I 
uman race, by the combined eflforts of its \ 
brightest intellects, has enabled the astronomer to \ 
compute af^roximiettely the perturbaticuis of the 
planetary worlds. He has predicted roughly the 
return of half a score of comets. But God has 
computed the mutual perturbations of millions oi 
suns, and planets, and comets, and woi^ds, with* 
out number, through the i^es that are passed, and 
throughout the ages which are yet to eom^ not 
approximately, but with periect^aBd absohitcLpire- 
cision. The universe is Tn^ motion, — system j 
rising above system, cluster above clust^, nebula 
above nebula, — all majestically sweeping around 
under the providence of God, who alone knows 
the end from the beginning, and before whoso ^ 
glory and power all intelligent beings, whether in <^ 
heaven or on earth, should bow with humility >; 
andawe. J^,/*/-^ ^ -^-^ ^ c^-'' ^ ->- •- 
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Would jou gain some idea of the wisdom of 
€k)d, look to the admirable adjustments of the 
magnificent retinue of planets and satellites which 
sweep around the sun. Every globe has been 
weighed and poised, every orbit, has been measur- 
ed and bent to its beautiM form. All is chang- 
ing, but the laws fixed by the wisdom of God, 
though they permit the rocking to and fro of the 
system, never introduce disorder, or lead to de- 
struction. All is perfect and harmonious, and 
the music of the spheres that burn and roll 
around our sun, is echoed by that of ten millions 
of moving worlds, that sing and shine around the 
bright suns that reign above. 

If overwhelmed with the grandeur and majesty 
of the universe of God, we are led to exclaim with 
the Hebrew poet king, — " When I consider thy 
heavens, the work or thy fingers, the moon and 
the stars which thou hast ordained, what is man, 
that thou art mindful of him! and the son of 
man, that thou visitests him !" If fearful that 
the. eye of Gt)d may overlook us in the immensity 
of his kingdom, we have only to call to mind that 
other passage, ^^ Yet thou hast made him but a 
little lower than the angels, and hast crowned 
him with glor^ and honour. Thou- madest him 
to have dominion over all the works of thy hand ; 
thou hast put all things under his feet.^ Such 
are the teachings of the word, and such are the 
lessons of the works of Gt)d. 
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